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FOREWORD 


One  cannot  read  this  book  by  Professor  GUILLIERMOND  with¬ 
out  being  profoundly  impressed  with  the  thoroughness  with  which 
it  has  been  written.  No  one  has  yet  presented,  nor  is  any  one  for 
a  long  time  likely  to  present,  so  complete  and  authoritative  an 
account  of  the  mitochondria  story.  Most  of  us  have  been  rather 
bewildered  by  the  prolific,  detailed,  and  contradictory  literature  on 
mitochondria,  chondriosomes,  chondrioconts,  chloroplasts,  amylo- 
plasts,  plastids,  etc.  It  is,  therefore,  a  satisfaction  to  have  it  all 
assembled  in  a  relatively  condensed  form. 

I  remember  the  day,  it  was  a  meeting  of  the  Royal  Microscopical 
Society  in  London  in  1921,  when  a  number  of  cytologists  admitted 
that  they  were  at  last  convinced  that  mitochondria  are  not  arti¬ 
facts.  Guilliermond  handles  the  subject  of  artifacts  very  con¬ 
vincingly.  He  is  forced  to  because  much  of  his  work  has  been  on 
fixed  material  and  much  of  it  has  been  subjected  to  the  usual  cry 
of  “artifact”. 


Guilliermond  uses  one  bit  of  evidence  in  support  of  the  reality 
of  certain  cell  structures  which  I  should  like  to  apply  to  another 
part  of  the  cell,  the  existence  of  which  has  also  been  much  ques¬ 
tioned,  namely,  the  spindle  fibers.  Proof  of  the  reality  of  vesicles 
is  to  be  had,  says  Guilliermond,  in  the  fact  that  they  always 
appear  at  the  same  stage  of  development  of  the  cell  whatever  the 
fixative  employed.  This  is  likewise  true  of  spindle  fibers. 

Shimamura  has  recently  offered  evidence  of  the  existence  of 
®P‘!ld|f  fib®rs  by  show.ln?  that  if  a  cell  in  midmitosis  is  centrifuged 
dhUort»H  fiXrd’  Spmd  e  Wlth  fibers  is  found  to  be  centrifugally 
been  foLd  by  fixation,  “"h*  bef°re  *  has 

r,J™gh  suPP°rtine  the  reality  of  mitochondria,  Professor 

nificance  in  thf' lifnp°  7?h  ““T"3  undu‘y  over  their  Possible  sig- 
nmcance  in  the  life  of  the  cell,  as  have  some  other  workers  Hp 

regards  as  untenable  the  theory  that  chondriosomes  Tre  symbiotic 

™s,ms-  He  also  discards  the  idea  that  chondriosomes  are  the 

H 

though  the  theory  is  unt™  t  trUe  !choIar'  He  says,  that 
He  concludes  the  section  on’ the  functi™  of 


courageous  and  laconic  statement  that  “Nothing  is  positively 
known  about  the  role  of  the  chondriosomes”. 

Controversial  matters  Guilliermond  handles  with  fairness  and 
dignity.  Each  problem  is  dealt  with  unemotionally.  He  refers  to 
Schleiden  “as  the  promulgator  of  the  cell  theory";  to  Robert 
Hooke  as  the  first  to  recognize  the  cellular  organization  of  living 
things,  but  the  significance  of  this  structure  was  not  understood 
for  a  long  time  thereafter. 

I  anticipated  a  rather  orthodox  cytological  handling  of  the  sub¬ 
ject  by  Guilliermond,  and  so  was  pleased  to  find  him  as  awake 
to  the  contributions  of  the  newer  cytology  as  to  those  of  the  old. 
He  takes  DE  Jong’s  concept  of  cytoplasm  as  a  coacervate  and  applies 
it  to  chondriosomes ;  vesiculation  indicates  that  they  too  are 
coacervates. 

Guilliermond  deals  with  the  question  of  the  physical  nature  of 
the  tonoplast.  I  should  like  to  restate  it  somewhat  differently,  and 
what  I  say  of  it  is  also  true  of  the  outer  surface  layer  of  proto¬ 
plasm.  All  protoplasmic  surfaces  are  probably  coated  with  fats 
or  other  substances  which  are  immiscible  with  water,  but  this 
does  not  mean  that  cell  membranes  are  made  of  any  substance 
other  than  protoplasm.  Cell  membranes  are  immiscible  with  water 
because  protoplasm  is  immiscible  with  water.  The  immiscibility 
of  protoplasm  in  water  is  not  primarily  due  to  an  oily  surface. 
Structural  continuity  is  responsible.  Protoplasm  takes  up  water 
just  as  does  a  sponge,  silica  gel,  or  gelatine.  Living  matter  is  not 
a  solution  of  salts,  sugars,  and  proteins.  Protoplasm  holds  to¬ 
gether.  It  could  not  be  a  living  system  if  it  did  not  do  so.  Such 
misunderstandings  have  arisen  because  protoplasm  shows  certain 
properties  of  liquids,  such  as  rounding  up  and  flowing.  To  certain 
students  this  can  only  mean  that  protoplasm  is  a  liquid,  and  if  it 
is  a  liquid  it  must  be  a  solution.  The  colloidal  viewpoint  clarifies 
all  this.  Protoplasm  does  flow  and  therefore  it  is  a  liquid,  but  it 
is  elastic,  possesses  tensile  strength  and  contractility,  and  imbibes, 
that  is  to  say,  soaks  up  water.  These  are  the  properties  of  solids, 
their  presence  in  protoplasm  indicates  structural  continuity. 

Protoplasmic  membranes,  whether  the  inner  tonoplast  or  the 
outer  cell  membrane,  are  of  living  matter,  capable  of  the  same 
physical  and  chemical  changes  as  is  the  protoplasm  which  they 
bound.  The  cell  membrane  is  not  an  inert  layer  of  oil,  it  is  a 

<J  V  "when '  amoetM^and  slime  molds  move  forward,  the  advancing 
surface  is  in  a  constant  state  of  change.  As  the  surface  increase 
in  area,  material  is  added  from  the  inner  protoplasm  and  as  it 
decreases  in  area  part  of  its  substance  is  returned  to 
protoplasm.  In  short,  the  membrane  is  p rotopl asm  Co^v inc  ^ 
Evidence  of  this  is  an  interesting  observation  which  led  one  oi  my 

ist ms  sss» «. 


surface,  that  in  direct  contact  with  the  vacuolar  sap,  was  also  in 
an  active  state  of  flow.  It  was  this  streaming  interfacial  proto¬ 
plasm  which  caused  movement  of  the  vacuolar  sap  and  the  particle 
within  it.  There  was  therefore  no  quiet  layer  between  protoplasm 
and  sap,  which  meant  to  my  student  that  there  was  no  tonoplast. 
He  failed  to  appreciate  that  the  tonoplast  and  cell  membranes  in 
general  are  not  inert  skins  but  a  surface  layer  of  living  proto¬ 
plasm.  The  tonoplast  is  protoplasm ;  in  that  sense  is  it  formed  of 
a  substance  immiscible  with  water.  It  is,  as  Hugo  DE  Vries  said, 
“a  membrane  differentiated  and  living”. 

Much  of  the  misunderstanding  in  regard  to  protoplasm  arises 
from  a  failure  to  realize  that  protoplasm  possesses  both  liquid  and 
solid  properties.  Its  liquid  character  is  real  but  superficial.  Its 
solid  qualities  are  basic.  That  protoplasm  is  liquid  is  evident 
from  the  fact  that  it  flows,  but  it  is  in  no  way  comparable  to  a 
solution  of  salt  in  water.  Viewing  protoplasm  as  a  liquid  devoid 
of  solid  properties  was  an  excusable  fault  in  the  classical  cytolo- 
gists,  but  the  modem  physiologist  is  aware,  as  is  Guilliermond, 
of  the  true  physical  nature  of  living  matter  and  the  need  of  struc¬ 
tural  continuity.  Guilliermond  refers  to  this  indirectly  by  attrib¬ 
uting  to  protoplasm  such  properties  as  torsion,  elasticity,  and 
immiscibility  in  water.  Warren  Lewis  once  expressed  the  need  of 
structural  continuity  in  protoplasm  when  he  stated  that  were  it 
not  for  the  glutinous  qualities,  the  tackiness  of  protoplasm,  we 
should  all  fall  to  pieces.  In  short,  protoplasm  holds  together,  and 
this  is  as  true  of  fluid  protoplasm  as  of  firm  protoplasm. 

Guilliermond  concludes  this  book  with  the  statement  that  the 
future  of  cytology  lies  in  the  union  of  morphology  and  physiology. 
In  return  for  the  admission  by  a  morphologist  that  anatomy  with- 
out  physiology  is  sterile,  let  me  say  to  Professor  GUILLIERMOND 

that  physiology  is  meaningless  unless  supported  by  structure  and 
function. 


70l^e  Is  the  first  additi<>n,  printed  in  the  New 
WorM,  to  the  list  of  books  which  Dr.  Frans  Verdoorn  is  editing 

BookPs”  ThTLUn^er  the  titlG  f  “A  NeW  Series  of  Plant  Science 
iw  *  The  book  was  especially  written  for  the  “New  Series”  by 

rofessor  A.  Guilliermond  ;  it  is  the  translation  of  an  unpublished 

(PhD6  UnivfAiK.  nf  wrS'  Atkinson  of  Amherst,  Massachusetts 
iun.iJ  University  of  Wisconsin,  sometime  C.R.B.  Fellow  in  Bot 

any  Unwersity  of  Louvain).  Mrs.  Atkinson  has  g  vln  us  fa^ 

more  than  a  translation  of  the  original  manuscrint  for  * 

much  interpretation  and  rearrangement  to  be  S  ’  tthere,'!as 

“  SJr  “v“E“r, »  K.'rfts 

™dmd  b’ 


September  19  bl 


William  Seifriz 
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Chapter  I 


INTRODUCTION 


Historical  sketch:-  It  is  well  known  that  the  cellular  organiza¬ 
tion  of  living  things  was  first  recognized  by  the  English  engineer, 
Robert  Hooke  (1665),  who,  toward  the  end  of  the  seventeenth 
century,  was  looking  at  sections  of  cork  with  a  view  to  finding  out 
what  applications  could  be  made  of  the  recent  discovery  of  the 
microscope.  He  described  the  tissue  as  formed  of  alveoli  resem¬ 
bling  a  honey-comb.  These  alveoli  he  called  cells.  For  a  long 
time,  however,  the  significance  of  this  structure  was  not  under¬ 
stood.  The  French  botanist,  Brisseau  de  Mirbel  (1833)  thought 
that  cellular  tissue  was  composed  of  vacuoles  hollowed  out  of  a 
homogeneous  substance,  which  corresponded  to  living  matter.  It 
was  Moldenhawer  (1812)  who,  for  the  first  time,  demonstrated 
the  individuality  of  cells.  Having  succeeded  in  separating  the 
elements  of  tissues  by  maceration,  he  proved  that  cells  have  a  wall 
of  their  own  and  cannot,  therefore,  arise  as  cavities  in  a  homo¬ 
geneous  substance.  Later  Dutrochet  (1824) ,  Turpin  (1827)  and 
Meyen  (1830)  considered  cells  as  morphological  entities  but  xtheir 
attention  had  been  centered  rather  on  the  walls  than  on  the  con¬ 
tents  of  the  cells.  In  1830  Meyen  had  discovered  chlorophyll 
grains,  starch  grains  and  crystals  within  the  cavity  of  the  cell. 
In  1831  the  English  botanist,  Robert  Brown,  who  gave  his  name 
to  Browman  movements,  discovered  the  nucleus  in  the  epidermal 
cells  of  orchids  Shortly  after  (1838),  Schleiden,  the  promul¬ 
gator  of  the  cell  theory,  attributed  predominating  importance  to 
the  nucleus  to  which  he  gave  the  name  Cytoblast  and  which  he 

n°pp!i  1«e<f  as  *5e  ge2e^ator  of  the  cel1*  According  to  Schleiden, 
a  cell  is  formed  as  follows:  in  a  matrix,  the  cytoblastema  there 

appears  the  cytobiast  on  whose  surface  a  membrane  then  becomes 
fferentiated  which  lifts  itself  up  like  a  watch  crystal,  grows  and 

ttKs:  r«ss!i.'rini  ” 

Nageli  (1866)  perceived  in  addition  tuf  ,  the  name  sarcode. 

sSreSSS-fessaffiaSS 

utricle  is  the  T'T'  ™S  Pri™rdial 

(1772)  and  Treviranus  180^7  Tn  Seen  by  B-  Corti 

by  cell  san  <1807)'  The  rcst  of  the  cell  is  occunieri 


Guilliermond  -  Atkinson 
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Cytoplasm 


A  little  later,  Cohn  (1850),  Thuret  (1850)  and  Pringsheim 
(1854)  perceived  that  the  zoospores  of  the  algae  lack  a  wall  and 
are  made  up  exclusively  of  protoplasm.  Max  Schultze  and  de 
Bary  (1859)  finally  established  the  fact,  once  for  all,  that  the 
protoplasm  of  plants  is  the  essential  substance  of  cells  and  corre¬ 
sponds  to  the  sarcode  of  Dujardin.  Leydig  (1857)  defined  the  cell 
as  “a  mass  of  protoplasm  furnished  with  a  nucleus”.  Max 
Schultze  (1861)  defined  it  as  “a  mass  or  lump  of  protoplasm 
endowed  with  vital  properties”. 

While  these  conceptions  were  being  established,  the  works  of 
VON  Mohl,  Meyen  and  Nageli  were  proving  the  inexactitude  of 
Schleiden's  theory  of  cell  origin  and  showing  that  cells  multiply 
by  division.  Thus  the  word  cell  (French  cellule,  from  the  Latin 
cellula,  little  room)  came  to  mean  the  contents  of  the  cellular  cav¬ 
ity,  a  significance  quite  different  from  that  given  it  by  Hooke,  who 
observed  only  the  walls. 

From  then  on,  the  conception  of  the  cell  was  enlarged  upon 
but  the  knowledge  of  its  structure,  making  only  slow  progress,  was 
to  remain  obscure  for  a  long  time.  The  early  cytologists  observed 
only  living  cells.  This  presents  serious  difficulties,  for,  with  the 
exception  of  unicellular  organisms,  observation  of  living  material 
can  be  carried  out  only  after  tearing  or  sectioning  tissue,  operations 
which  risk  injuring  the  cells.  Cells  examined  in  a  medium  not  their 
own  —  water,  for  instance  —  may,  during  observation,  undergo 
serious  alterations.  Lastly,  observation  of  living  material  never 
allows  the  study  of  cell  structure  to  be  pushed  sufficiently  far,  be- 

cause,  except  for  cases  which  are  unusually  favorable,  the 

different  elements  which  constitute  the  cell  show  too  small  diff  - 
ences  of  refractivity  for  it  to  be  possible  to  distinguish  one  from 
the  other  with  clearness,  and  this  becomes,  moreover,  well  nigh 
impossible  in  embryonic  tissue  in  which  the  cells  are  very  smal . 

The  introduction  of  the  paraffin  method  °n  ob-l“tf  ?t 
vionslv  “fixed”  has  greatly  facilitated  the  work  of  cytologists. 

This  method  consists  in  fixing,  i.e.,  coagulating,  the  cells  y  me“"s 

‘I"  Ss  SS 

for  the  stain,  and  superb  prepara  .ons  may  be  obta.ne  it 

s.  -i  %““i“d.srssodS“  s 

serious  errors  in  interpretation  Finally,  th^  met  ^  ^  cyto. 
allow  the  physical  character  orta  S  important,  and  cytology 

™h« “tud,  of  th«  .0.1.0.  >.d.  1.  O'. 
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ticular,  of  the  chromosomes,  whose  form  in  the  fixed  material  is 

preserved  with  a  minimum  of  distortion. 

On  the  other  hand,  as  far  as  the  cytoplasm  is  concerned,  the 
paraffin  method  has,  over  an  extremely  long  period,  given  only 
mediocre  results  and  cytologists  have  made  the  mistake  of  neglect¬ 
ing  too  greatly  the  study  of  living  material.  As  a  matter  of  fact, 
the  most  convincing  data  on  the  cytoplasm  were  for  a  long  time 
obtained  exclusively  from  living  cells :  on  the  one  hand,  the 
excellent  discoveries  of  Schmitz  concerning  the  chloroplasts 
of  the  algae  and  those  of  Wilhelm  Schimper  and  Arthur  Mayer 
in  the  study  of  plastids  of  higher  plants,  and,  on  the  other  hand, 
the  classical  experiments  of  Hugo  de  Vries  on  the  vacuoles  and 
their  role  in  the  osmotic  phenomena  of  the  cell. 

It  is  only  since  1910  that  knowledge  of  the  cytoplasm  has  made 
rapid  progress.  At  that  date,  the  timely  appearance  of  the  ultra¬ 
microscope  enabled  A.  Mayer  and  Schaeffer  to  make  known  some 
essential  data  on  the  colloidal  nature  of  the  cytoplasm  of  animal 
cells  —  data  which  can  be  applied  to  plant  cells.  At  about  the  same 
time,  the  introduction  of  mitochondrial  methods,  new  fixation  tech¬ 
niques  for  certain  cytoplasmic  lipides,  led  to  the  discovery  of  the 
chondriosomes  and  made  it  possible  to  preserve  the  plastids,  to 
stain  them  clearly  and  to  follow  them  through  their  whole  life 
history.  A  little  later,  the  methodical  use  of  vital  dyes,  which 
accumulate  in  the  vacuoles  of  living  cells,  made  it  possible  to  follow 
the  evolution  of  the  vacuoles  through  all  the  stages  of  cellular 
development.  Finally,  the  invention  of  the  micromanipulator  and 
of  motion-picture  photography,  and  the  perfecting  of  methods  of 
observation  in  vivo,  have  contributed  in  large  part  to  making 
known  to  us  the  physical  properties  of  the  cytoplasm  and  of  its 
various  morphological  elements. 


Difficulties  in  the  study  of  cytoplasm.  Recommended  method 
As  a  result  of  work  carried  on  during  the  last  twenty  years  by 
means  of  the  mitochondrial  technique,  or  with  the  aid  of  the  ultra- 
microscope,  or  by  the  use  of  vital  dyes,  it  has  been  possible  to  solve 
definitely  the  problem  of  cytoplasmic  structure.  The  discoveries  in 

Sj!  i<iTam  are  f1,1.11,  t0°  r??ent  t0  be  accepted  by  all  cytologists. 
hpon  f  th  ,ar?  f1*11  bei,ng  discussed,  it  is  simply  because  they  have 
been  arrived  at  by  methods  very  different  from  those  usually  em¬ 
ployed  and  because  some  cytologists  are  unable  to  verify  them  bv 

s  everr0yWeasT.v  in  uS;edThe  the  <*toelasm-  a  ^bsta^ce  which 

the  nucleus  r?  “  mfiMtiely  more  ^cult  than  the  study  of 

e  nucleus.  It  is  necessary  to  use  a  long  and  delicate  method 

Whose  general  outline  will  be  indicated  here  d 

First,  this ^method  requires  o f  iZjT  «ions: 

which  are  indispensable  in  brine-in «•  LU  fu  ^  stained  sections 

tMsSme[ieddaS  6rJtering  int°  the  “ution  of  StTytoUlm ' *  But 
this  method  is  always  insufficient,  for  once  these  elements  have  b!en 
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brought  out  by  fixation  and  staining,  their  actual  presence  must 
be  checked  by  observation  of  living  material  in  such  cells  as  lend 
themselves  to  it.  This  observation  of  living  material  permits  a 
proper  appreciation  of  the  value  of  the  above  methods.  As  the 
very  handling  of  living  material  runs  the  risk  of  producing  altera¬ 
tions,  every  precaution  to  avoid  them  must  always  be  taken. 
Fungi  may  be  used  which  can  be  observed  in  their  own  environ¬ 
ment,  or  organs  studied  which  are  sufficiently  transparent  to  permit 
their  cells  to  be  examined  without  any  manipulation.  Petri  dishes 
of  a  special  type  (used  at  the  International  Bureau  for  the  Culture 
of  Fungi  at  Baam)  can  be  used  if  necessary.  In  the  bottom  of  these 
is  an  opening  of  3  cm.  which  can  be  covered  with  a  slide  sealed 
with  asphalt  cement  (Fig.  88).  In  this  way,  seeds  can  be  grown 
aseptically  and  their  roots  during  development  can  be  observed  with 
an  oil-immersion  lens  by  turning  the  dish  under  the  microscope. 
Vital  dyes  must  be  used  to  enable  us  to  follow  such  elements  as  the 
vacuoles  which  are  not  well  preserved  by  any  other  means.  More¬ 
over,  each  element  whose  presence  has  been  recognized  by  fixation 
and  staining  must  be  described  by  means  of  a  systematic  study  of  its 
behavior  with  most  fixatives  and  stains ;  this  study  must  be  based 
upon  histochemical  reactions  of  the  element  in  question.  This 
method,  called  histochemical  analysis ,  permits  us  to  characterize 
the  element,  to  distinguish  it  from  others,  and  to  inform  ourselves 
as  to  its  chemical  nature.  It  permits  us,  besides,  to  distinguish 
some  elements  which  are  revealed  only  by  certain  methods  of  fixa¬ 
tion  and  staining.  Histochemical  analysis  must  be  followed  by  an 
histophysical  analysis,  i.e.,  analysis  of  the  physical  state  of  the 
element,  its  viscosity,  colloidal  state,  and  so  forth,  an  analysis  in 
which  will  be  employed  the  micromanipulator,  the  ultramicroscope, 
the  polarizing  microscope,  the  centrifuge,  the  plasmolytic  method 
and,  if  need  be,  motion-picture  photography.  This  histophysica 
analysis  will  supplement  the  description  obtained  by  histochemical 
analysis.  Then,  too,  the  development  of  the  element  throughout 
the  entire  life  of  the  cell  must  be  followed  in  order  to  know  whether 
it  constitutes  a  permanent  element  or  is  only  transitory,  and  m 
order  to  obtain  an  idea  as  to  its  significance  by  obsennng  ite  be- 
havior.  Finally,  it  will  be  useful  to  supplement  this  method  called 
the  analysis  of  the  cell,  which  comprises  the  various  operations  just 
enumerated  and  which  has,  itself,  all  the  value  of  an  experime  Ud 
method  by  a  further  series  of  experiments  designed  to  clarity  the 
ro!e  of  the^ element  studied.  Among  these  experiments  are  vivisec¬ 
tion  depriving  a  cell  of  an  individual  element  by  means  of  the 
micromanipulator,  and  a  study  of  nutritional  influences  on  thebe- 
havior  of  the  element  under  consideration.  This  is  tne  cy 

The  procedure  specified  is  the  only  one  uy  f  ,  ,  the 

be  obtained  on  the  morphological  constituents  of  the  cytoplasm . 

plastids,  chondriosomes  and  vacuoles. 
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GENERAL  FACTS  ON  THE  STRUCTURE  OF 
THE  PLANT  CELL,  ITS  CYTOPLASM  AND 
MORPHOLOGICAL  CONSTITUENTS 


The  cytoplasm  and  its  permanent  inclusions:-  In  agreement  with 
Strasburger  and  Henneguy,  the  term  cytoplasm}  is  here  under¬ 
stood  to  mean  all  the  living  matter  in  the  cell  with  the  exception 
of  the  nucleus.  By  the  term  protoplasm  is  meant  all  living  matter 
in  the  cell,  i.e.,  both  cytoplasm  and  nucleus.  The  cytoplasm  occurs 
in  living  cells  as  a  colloidal  substance,  hyalin  and  homogeneous, 
elastic  and  of  a  viscosity  which  is  always  superior  to  that  of  water. 
This  substance  holds  permanently  in  suspension  a  certain  number 
of  small  elements  which  resemble  bacteria  in  form  and  dimensions 
and  are  distinguished  in  living  cells  by  a  refractivity  slightly  higher 
than  that  of  the  cytoplasm.  These  elements,  which  are  called 
chondrio somes,  appear  in  the  form  of  granules,  rods  and  threads. 

In  addition  to  these  elements  there  are,  in  green  plants,  the 
plastids,  whose  form  is  very  variable  in  the  algae  and  which,  in 
higher  plants,  appear  in  green  tissue  as  large  globules,  filled  with 
chlorophyll,  which  are  derived  from  small  elements  very  similar  to 
chondriosomes  in  form  and  histochemical  constitution.  The  cyto¬ 
plasm  also  contains  small  fluid  cavities  called  vacuoles,  composed  of 
water,  containing  crystalloid  and  colloidal  substances.  These  vacu¬ 
oles,  which  are  very  small  and  very  numerous  in  young  cells,  swell 
and  usually  run  together  little  by  little,  to  form,  in  mature  cells, 


all  that  is  not  nuclear  and  he  considers  the  nrT  1 Cytop  as™'  Hardy  means  by  cytoplasrr 
cytoplasm  to  the  exclusion  of  the  nucleus-  the  ST  m  ®  Uvint?  matter  within  th< 
and  the  products  of  its  activity !  ™ious  inefusions  nT  l  ^  inC,udes.  the  Protoplasm 
Bottazzi,  on  the  contrary,  incorporated  the  nuclpn  •  .  °t,  P6  lnlng  to  the  living  substance 
h,m.  includes  all  the  living  substance  of  the  cell  iV" the  nurfl^^h8"! ■ ■  °-F  biopla8rn  which>  foi 
which  is  not  nuclear,  and  the  chondriome  He  r  ’  ’  the  living  ground  substance 

contents,  i.e.,  the  total  protoplasm  and  all  the  IT  T*  term  cyt°Plasm  for  all  the  cel! 
Bottazzi  distinguishes:  l.V  inltdi^thT  *  *1  *”»**'*•»' W 

are  permanent  (cell  walls);  2.  the  paraplasm renrel  ♦  !  CeUu'ar  e,ab°ration  which 

products,  which  are  only  transitory*^ by  the  re8erve  substances  or  waste 
well  as  soluble  substances  formed  by  ceHular^ete^l  ?  ,  grain9’  fat  g,obulee-  etc.),  as 

j? r  * 
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an  enormous  single  vacuole  which  occupies  the  greater  part  of  the 
cell,  forcing  the  nucleus  to  the  periphery.  This  vacuole  is  often 
traversed  by  thin  cytoplasmic  trabeculae  which  radiate  from  the 
nucleus  to  join  the  parietal  cytoplasm. 

Lipide  granules  are  encountered  in  almost  all,  if  not  in  all, 
cells.  They  are  scattered  in  the  cytoplasm  in  more  or  less  consid¬ 
erable  numbers  according  to  the  cells  and  their  stage  in  develop¬ 
ment.  One  also  finds,  moreover,  various  inclusions  in  the  cyto¬ 
plasm:  reserve  or  by-products  formed  during  cellular  activity 
(starch  grains,  crystalline  proteins,  various  crystals,  etc.)  which 
are  localized  either  in  the  cytoplasm  itself  or  in  the  plastids  or  in 
the  vacuoles.  All  these  substances,  however,  are  only  transitory 
products  formed  during  cytoplasmic  activity. 


Fig.  1.  —  Diagram  of  a  plant 
cell.  C,  chondriosome.  Gg,  lipide 
granules.  N,  nucleus.  P.  chloro- 
plasts.  V.  vacuole. 


The  paraplasm:-  We  now  turn  to  a  new  consideration.  It  has 

just  been  seen  that  in  the  cytoplasm 
there  are  in  suspension  some  elements 
which  are  always  present  such  as  plas¬ 
tids,  chondriosomes,  vacuoles  and  lipide 
granules.  Among  these  elements,  a 
distinction  must  be  made  between  those 
which  can  be  considered  as  belonging  to 
the  living  substance,  to  the  architecture 
of  the  cell,  and  those  which  simply  re¬ 
sult  from  its  activity.  Among  the  lat¬ 
ter  whose  chemical  composition  is  more 
simple,  there  are  some,  like  the  starch 
grains,  which  form  in  the  plastids, 
others,  like  many  crystals,  which  are  lo¬ 
calized  in  the  vacuoles,  others  still,  like 
the  crystalline  proteins,  which  are  con- 
- . -  tained  in  the  cytoplasm  itself.  Now,  the 

cytoplasm  is  a  substance  which  continues ^  “if  knowTbut  which 
presents  a  chemical  composrt.on  t nfsXtance  W^e  plastids 
does  not  vary  appreciably.  It  is  a  1  v  g  the  nUcleus, 

are  elements  which  are  never  oimec  e  They  therefore,  may 
are  transmitted  by  division  rom  ce  mu e' chondriosomes  seem  to 

also  be  considered  as  ^  T^hondr^^ 

be  of  like  nature.  Such  s  not  the  case  rfe  M0V()  an(j  tQ  dis_ 

always  present  in  the  cells,  ®^PPes>  furthermore,  they  enclose 

appear  only  to  be  replace!  y  nrnducts  of  cytoplasmic  activity : 

substances  which,  all  of  them,  are  products  ot  cytop  of 

reserve  products,  or  waste  products  or  trans.  o  y  P 

metabolism.  They  do  r  the  lip ide  granules 

substances  of  the  cel'-  „  „  but  which  vary  greatly  m 

which  are  present  in  almost  .a  .  lopment  of  the  cells:  there 
quantity  depending  on  the  stat  QthePg  in  which  the  granules 

are  cells  which  contain  o  y  ’  form  large  globules  filling 

accumulate  in  great  ‘^“llso  pwducte  of  metabolism.  Co- 
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which  impregnate  the  cytoplasm  and  can  be  detected  only  by  using 
certain  microchemical  reagents.  All  these  products  arise  by  cyto¬ 
plasmic  activity  and  a  distinction  must  therefore  be  made  between 
them  and  the  cytoplasm  by  which  they  were  pro¬ 
duced.  These  products  are  grouped  under  the 
term  paraplasm  or  deutoplasm  and  are  separated 
from  the  cytoplasm,  which,  with  the  plastids  and 
chondriosomes,  constitute  living  substance.  Among 
the  products  resulting  from  the  activity  of  the 
cytoplasm  are  some  which  are  of  permanent  char¬ 
acter,  such  as  the  cellulose  wall.  This  is  a  cyto¬ 
plasmic  secretion  which  persists  during  the  entire 
life  of  the  cells  and  can  not,  it  would  seem,  be 
considered  as  belonging  to  living  substance. 

These  permanent  formations  of  the  paraplasm  or 
deutoplasm  are  specified  as  metaplasm.  Lastly, 
the  name  protoplast  is  used  to  designate  all  the 
contents  of  the  cell  except  the  cell  wall,  i.e.,  the 
protoplasm  and  paraplasm  together. 

In  the  cytoplasm,  then,  we  shall  have  to  con¬ 
sider  the  cytoplasm  itself,  the  plastids,  the  chon¬ 
driosomes  and  the  paraplasm,  the  most  important 
constituents  of  the  last  category  being  the  vacu¬ 
oles  and  the  lipide  granules. 

These,  and  other  paraplasmic  formations  not  listed  above,  will 
be  studied  in  the  succeeding  chapters. 


Fig.  2.  —  Semidia- 
grammatic  represen¬ 
tation  of  a  living 
epidermal  cell  of  Al¬ 
lium  Cepa  showing 
cytoplasmic  trabecu¬ 
lae  traversing  the 
vacuole  and  uniting 
the  parietal  cytoplasm 
with  the  nucleus. 


Chapter  III 


THE  PHYSICAL  PROPERTIES  AND  GENERAL 
CHARACTERISTICS  OF  THE  CYTOPLASM 

Its  appearance  in  living  form:-  DUJARDIN,  who  first  studied  the 
cytoplasm  in  living  cells  of  ciliated  Infusoria,  has  given  an  abso¬ 
lutely  exact  description  of  this  substance  which  he  calls  sarcode, 
a  description  which  modern  observations  merely  confirm.  “This 
substance”,  he  says,  “appears  perfectly  homogeneous,  elastic  and 
contractile,  diaphanous  and  refracting  light  a  little  more  than 
water  and  much  less  than  oil.  One  can  distinguish  in  it  absolutely 
no  trace  of  organization :  neither  fibre  nor  membrane  nor  an  appear¬ 
ance  of  cellular  form”. 

There  is  nothing  to  add  to  this  descrip¬ 
tion.  The  cytoplasm  appears  to  modern 
observers  just  as  it  was  described  by  Du- 
jardin.  In  living  cells,  it  appears  to  be  a 
homogeneous  substance,  as  transparent  as 
glass,  viscous,  a  little  more  refractive  than 
water  and  non-miscible  with  it.  As  has 
been  already  stated,  modern  research  has 
shoe'll  that  it  does,  however,  always  con¬ 
tain  in  suspension  numerous  granules 
(chondriosomes,  lipide  granules)  and 
vacuoles,  of  which  more  will  be  said  later. 
Hence  the  description  of  Dujardin  can 
be  applied  only  to  the  cytoplasm  itself, 
omitting  these  elements  which  it  contains. 

For  the  study  of  the  physical  proper¬ 
ties  of  the  cytoplasm,  the  plasmodium  of 
the  Myxomycetes  has  been  much  used.  It 
is  seen  as  a  voluminous  protoplasmic  mass 
of  irregular  appearance,  lobed  in  the  most  fanciful  manner  and 
enclosing  numerous  nuclei.  This  protoplasmic  mass  changes  shape 
constantly  by  virtue  of  the  amoeboid  movements  which  control  its 
displacement.  It  glides  along  the  surface  of  its  support  and  if  this 
latter  be  of  decaying  wood,  it  worms  its  way  mto  the  mteri 
the  wood,  penetrates  it  only  to  come  out  again  further  on  then  t 
re-enter  it,  and  so  on.  The  huge  dimensions  of  the  plasmodium 
make  it  a  valuable  object  for  the  study  of  the  cytoplasm.  T1  e 
classical  experiments  Successfully  performed  by  Pfeffer  on  the 
plasmodium*5 of  Chondrioderma  difforme  have  shown  that  m  orde 
to"  a  small  portion  of  cytoplasm,  it  is  necessary  to  exert  a 
to  alter  *  The  cytoplasmic  strands  of  this 

S,  ill:  SSTSw  in  «'  WW—- 
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Fig.  3.  - - 

plasmodium  of  Chondrioderma 
difforme.  A.  ingested  foreign 
body.  X  about  60.  (After 
ZOPF ) • 
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Viscosity:-  There  has  been  a  good  deal  of  discussion  concerning 
the  cohesive  state  of  cytoplasm,  i.e.,  its  consistency.  Most  cytolo- 
gists  consider  that  the  cytoplasm  more  nearly  approaches  a  liquid 
than  a  solid  state.  A  few,  however,  believe  it  to  be  of  a  solid 
consistency. 

The  plasmodium  of  the  Myxomycetes  is  very  fluid.  A  proof  of 
this  is  in  an  experiment  carried  out  on  Badhamia  utricularis  by 
the  English  mycologist,  Lister.  Lister  noticed  plasmodia  of  this 
fungus  on  the  trunk  of  an  old  hornbeam  growing  in  his  garden. 
The  trunk  was  covered  over  with  the  fruiting  bodies  of  Corticium 
puteanum.  The  plasmodia  of  Badhamia  moved  around  on  the  sur¬ 
face  occupied  by  Corticium,  actually  consuming  the  fruiting,  bodies 
and  after  their  passage  leaving  the  bark  of  the  hornbeam  as  smooth 
and  clean  as  if  no  fungus  had  ever  grown  there.  But,  although 
Badhamia  assimilated  the  Corticium  tissues,  its  spores,  protected  by 
a  resistant  brown  membrane,  were  not  attacked  and  accumulated 
within  the  plasmodium  which 
took  on  a  dark  brown  color.  Lis¬ 
ter  collected  one  of  these  plas¬ 
modia  on  a  glass  plate,  where  it 
moved  about,  leaving  behind  it  as 
evidence  of  its  passage,  a  fine 
brown  network,  formed  of  the 
ingested  spores.  These  had  been 
progressively  dropped,  being 
poorly  retained  in  the  plasmodial 
cytoplasm.  This  demonstrates 
its  weak  viscosity.  The  plasmo¬ 
dium,  however,  still  enclosed 
many  spores.  Lister  then  put  in 
its  path  a  barrier  of  wet  cotton. 

The  plasmodium  passed  through  rapidly,  leaving  in  the  cotton  all  the 
Hr  nf  ?tnkgrsp0refvan,d  emersed  Showing  the  yellow  tint  characteris- 
brono-ht  it  °\Vu  olt  taken  up  the  fungus  Corticium.  Lister  thus 
and  k|hthtb?  the  filtr?t‘on  through  cotton  of  plasmodial  protoplasm 

This  somewhatCeedad  W  de™nStrating  its  very  fluid  consistency, 
a  deHilpH  hat  crude  evidence  may  be  made  more  specific  by 

network  df  olm‘natl0n  °/  the.  Plasmodium.  It  is  composed  of  a 
may  attain  anastomosin2  veins  which,  in  certain  species, 

meters  in  the  pf  dimensions:  even  a  diameter  of  several  milli- 

— £ 

fr "ir 

aVrofoTt6 

immediately  coagulated  on  th^ST  ^Sna ' 


Fig.  4.  —  Two  successive  shapes,  A,  B, 
taken  by  the  plasmodium  of  a  Myxomycete 
as  it  moves  in  the  direction  of  the  arrow. 
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then,  under  its  immobile  surface,  flows  with  extreme  rapidity.  In 
addition,  the  different  veins  and  the  flowing,  continuous  layers  com¬ 
prising  the  plasmodium,  show  very  curious,  rhythmic  but  not  syn¬ 
chronous,  pulsations.  These  are  rendered  quite  visible  by  motion- 
picture  photography.  Each  vein  shows  an  alternation  of  systole 
and  diastole ;  each  outer  layer  flows  by  jerks  over  the  substratum, 
becoming  alternately  thicker  and  thinner  (Comandon  and  Pinoy, 
Seifriz).  n 

Under  sufficiently  high  magnification  the  plasmodium  seems  to 
be  formed  of  an  homogeneous  substance,  holding  in  suspension  in¬ 
numerable  granules,  in  particular,  lipide  droplets  and  ingested 
debris,  whose  incessant  displacement  in  different  directions  reveals 
with  great  clearness  the  existence  of  cytoplasmic  currents. 

These  currents  are  very  irregular.  They  may  be  rapid  or  may 
even  rush  along  in  a  vein  and,  at  a  given  instant, 
they  will  immediately  slow  up,  then  change  direc¬ 
tion,  accelerate,  retard  again,  return  to  the  orig¬ 
inal  direction  and  so  on.  In  each  vein  the  same 
irregularities  are  observed  but.  without  any  syn¬ 
chronism  whatever.  Thus,  the  movement  of  the 
entire  mass  of  the  plasmodium  in  one  direction 
expresses  the  sum  of  all  these  movements  in  dif¬ 
ferent  directions  and  indicates  that  in  this  appar¬ 
ent  disorder,  the  protoplasm  flows  more  in  one 
direction  than  in  the  other;  namely,  in  the  direc¬ 
tion  of  the  advance  of  the  organism. 

Now  these  characteristics  of  protoplasm  have 
nothing  unusual  about  them.  Microscopical  ex¬ 
aminations  of  the  contents  of  the  most  varied  cells 
reveal  that  there,  too,  protoplasm  behaves  as  a 
fluid  substance.  The  bodies  which  it  holds  sus¬ 
pended  in  it  are  in  most  cases  more  or  less  rapidly 
carried  along  in  its  multiple  currents.  Here,  as  in 
the  extended  body  of  the  plasmodium,  these  currents  run  si  e  y 

^These^are  tlfe  pb 

the  cdls'of  Elodea  canadensis  and  the  i ^"atiwi^ThSie 

presupposes  a  mobility  of  molecules  found I  only  in  a  .quid  • 
which,  in  a  word  »  in  some 

re*  Theyseem  KM  -  -tain 

seems  also  to  be  the  of  plant 

r.  sr»"“,“ issffli  -*  *"•  “  ■“* «' 


plasmic  currents  in  a 
portion  of  the  vein¬ 
like  reticulum  of  a 
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plasm.  Hofmeister  and  Berthold  showed  for  the  first  time  that 
—  —4.  o  filament  of  Vaucheria,  a  part  of  the  cyto- 
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if  a  section  is  cut  out  of  a  filament  of  Vaucheria,  a  part  of  the  cyto¬ 
plasm  comes  out,  taking  a  spherical  form  by  virtue  of  the  law  of 
surface  tension  which  characterizes  liquids  (Fig.  7).  Since  that 
time,  many  similar  experiments  have  been  performed,  notably  by 
Strugger  on  Chara  cells.  And  finally,  an  experiment  by  Kuhne  on 
the  cytoplasm  of  the  Myxomycetes,  can  be  explained  only  by  a 
liquid  state  of  the  cytoplasm.  This  worker  succeeded  in  obtaining 
an  artificial  muscle  by  enclosing  in  elastic  tubes,  fragments  of  the 
plasmodium  (intestines  of  Hydrophilus  piceus) . 

All  these  facts,  added  to  those  obtained  by  microdissection, 
which  will  be  spoken  of  further  on,  permit  us  to 
conclude  that  the  cytoplasm  possesses,  in  general, 
the  properties  fundamental  to  liquids:  it  flows 
and  has  a  surface  tension  which  tends  to  make  it 
take  the  form  of  minimum  surface,  i.e.,  spherical 
form. 

Research  carried  out  in  these  later  years  with 
the  aid  of  the  microdissector,  put  into  practice  by 
Chambers,  has  made  great  progress  in  the  knowl¬ 
edge  of  the  viscosity  of  the  cytoplasm.  This 
method  consists  in  the  use  of  a  special  instrument, 
the  micromanipulator,  or  microdissector,  provided 
with  glass  needles  which  can  be  moved  mechan¬ 
ically  with  great  precision.  This  peimits  the 
dissection  of  cells  under  high  magnifications. 

The  work  of  Seifriz  with  the  micromanipu¬ 
lator  on  various  plants  (Mucoraceae,  Fucus,  pol¬ 
len  tubes,  plasmodia  of  Myxomycetes)  also  dem¬ 
onstrates  that  the  cytoplasm  presents  a  consist¬ 
ency  which  is  very  variable:  now  very  fluid  and 
almost  like  water,  now  almost  solid,  even  to  the 
state  of  a  gel  with  a  consistency  of  bread  dough 
or  vaseline,  in  which  the  passage  of  the  needle 
leaves  a  gaping  hole. 

,  5ytoplasm  is  very  fluid  in  the  plasmodium 
of  the  Myxomycetes  as  long  as  the  latter  is  in  an 
active  state.  If  the  point  of  a  needle  of  the  micro-  —«««>. 

S  as0piratedr0(ke/n  p°ff37)  the  cytoplasm  is 

greater  than  that  of  water  Ltermelfe  h ‘S’  *°Wever-  alw^ 
that  of  oil  of  paraffin  but'  between  that  of  water  and 

ceases  growth,  i.e.  in  the  G  that  the  plasmodium 

consistency  of’  the ’  cytoplasm  Prececle  sporulation,  the 

paraffin,  then  that  offtlS;  *  that  of  oil  of 

Rhizopus  nigricans,  the  cytoplasm  is  nil’  t.hat  bread  dough.  In 
tions  of  the  hypha  It  is  neverfB  i  i  1(^U1<^  ln  the  young  por- 

St  Z  “ 

***■*  tHe  MM 


if. 


Fig.  6.  —  Cyclosis 
in  a  staminate  hair 
of  Chclidonium.  The 
arrows  indicate  the 
direction  of  the  cur¬ 
rents  in  the  various 
cytoplasmic  meshes. 
n.  nucleus.  (After 
van  Tiechem  and 
COSTANTIN)  . 
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of  glycerin  and  then  that  of  bread  dough  and  may  even  attain  and 
exceed  that  of  vaseline. 

In  the  egg  of  Fuchs  the  cytoplasm  becomes  more  and  more 
viscous  as  the  egg  matures  and  its  exchanges  diminish.  Immedi¬ 
ately  after  fertilization  it  again  becomes  liquid  and  remains  in 
this  state  in  the  embryo.  Areas  seem  to  exist  in  the  egg,  there¬ 
fore,  where  fluidity  is  more  accentuated, — sort  of  centers  of  activity 
where  different  chemical  exchanges  are  produced. 

It  appears  from  all  these  observations  then,  that  the  viscosity 
of  cytoplasm  is  always  superior  to  that  of  water  and  in  numerous 
cases  as  great  as  that  of  blood.  Yet  in  certain  cells,  especially  in 
old  organs,  the  viscosity  can  be  much  higher.  Moreover  in  dehy¬ 
drated  organs,  seeds,  for  instance,  the  cytoplasm  can  be  more  or 
less  solid. 

Many  attempts  have  been  made  to  measure  directly  the  viscosity 
of  the  cytoplasm  inside  the  cells.  The  easiest  method  to  employ  is 

that  which  makes  use  of  the  law  for 
falling  spheres  established  by  the 
physicist  Stokes.  The  cytoplasm  of 
certain  cells  encloses  starch  grains 
which  are  more  dense  than  the  cyto¬ 
plasm  and  which  have  a  tendency, 
because  of  their  weight,  to  fall 
through  the  cytoplasm  to  the  lowest 
point  in  the  cell.  By  using  an  hori¬ 
zontal  microscope,  the  time  required 
for  the  grains  to  fall  is  determined 
and,  by  applying  the  physicist’s  form¬ 
ulae,  the  viscosity  of  the  cytoplasm  is 
calculated. 

Bv  this  process  of  determining  the  speed  with  which  starch 
grains  and  certain  crystals  fall  through  the  cytoplasm,  Weber  was 
able  to  state  that  the  viscosity  of  the  cytoplasm  vanes jith  the 
cell  under  consideration.  It  seems  to  increase  with  the  age  ot 
the  cells.  Certain  influences  (increase  m  temperature,  the s  act 
of  certain  chemical  substances,  such  as  narcotics)  can  also  cause 

ValHrriMONN  has  employed  the  following  method:  an  iron  needle, 
very  fine  but  too  heavy  to  be  carried  about  in  the  cytoplasmic  cur- 
S  “introduced  into  a  p.asmodium  The  need.etong  located 

under  the  microscope,  an  electro-magnet  in  w  -  when  the 

of  increasing  intensity,  is  brought  near  the  preparation  WI  th^ 
needle  in  the  field  of  the  microscope  begins  to  orient  , 

SSSAtE? S  S5SV--.S  3 

of  plasmodial  protoplasm. 
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siphon 


Ruptured 

Vaueheria  showing  tendency  of  lobed 
extruded  contents  to  break  up  into 
globular  drops.  At  left,  one  droplet 
greatly  magnified.  (After  van  Tie- 
chf.m  and  CosTANTiN ) . 
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The  centrifuge  has  also  been  used  on  living  cells.  This  brings 
about  a  displacement  of  heavy  inclusions,  such  as  starch  grains, 
or  of  light  inclusions,  such  as  lipide  granules,  with  a  speed 
and  facility  varying  with  the  consistency  of  the  cytoplasm.  This 
method  is  much  less  precise  since  the  exact  densities  of  the  gran¬ 
ules  and  cytoplasm  are  not  exactly  known. 

These  various  methods  have  shown  that  the  most  fluid  cyto¬ 
plasm  has  a  viscosity  which  is  only  3-5  times  that  of  water  and 
that  the  most  dense  cytoplasm  (that  of  animal  cells)  reaches  nearly 
10,000  times  the  viscosity  of  water.  Thus  from  the  results  obtained 
by  means  of  centrifuging,  microdissection  and  other  techniques,  an 
essential  and  very  general  conclusion  may  be  drawn :  the  cytoplasm 
of  plants  does  not  present  at  all  times  the  same  viscosity,  for  this 
varies  essentially  with  the  physiological  state  of  the  organ  under 
consideration. 


Rigidity:-  The  cytoplasm  possesses,  at  the  same  time,  a  property 
which,  as  will  be  seen  later,  is  tied  up  with  its  physical  state  and 
which  is  characteristic  of  cells,  namely,  a  certain  rigidity  which 
gives  to  it  an  elasticity  of  torsion.  Rigidity  expresses  the  physical 
ties  between  the  particles  of  the  system  in  question,  ties  which  are 
lacking  in  true  liquids.  This  rigidity  can  be  brought  out  by  micro¬ 
manipulation.  Thus,  in  displacing  cellular  inclusions  within  the 
cell,  it  was  observed  that  sometimes  these  return  to  their  places 
when  pressure  is  released,  the  rigid  surroundings  acting  as  a  spring, 
and  sometimes  the  inclusions  are  displaced  as  from  a  liquid  without 
rigidity.  The  stability  or  instability  of  form  of  these  inclusions 
alter  being  deformed,  for  instance  being  drawn  out  between  two 
needles,  also  teaches  us  something  of  their  rigidity  and  their  varia- 
tions  In  this  way,  Scarth,  for  example,  demonstrated  the  elastic¬ 
ity  of  the  cytoplasm  of  Spirogyra.  The  nucleus  of  one  cell  of  this 
alga,  when  pushed  by  a  microneedle  from  one  side  of  the  cell  to  the 

ef I  ^l0ne'  was  observed  to  return  of  itself  to  its 
f  position.  Like  viscosity,  rigidity  seems  to  be  variable  in 

crtoDksm^tr6^  6S  s°metlmes  Penetrate  very  easily  into  a  fluid 
S1®?  without  reaction,  and  sometimes  with  difficulty  into  a 

cytoplasm.  ‘S  n°  method  for  measuring  the  rigidity  of  the 


in  me^tring^L^SrtTet^  L,E0NTJEW  succeeded 

ft  leather  it"  t  S 

terMTTurr^ndingrbu^rem^51"2!”  ‘S  n0t  miscible  with  its  ex- 

from  them.  In  cefls  with  A"Si  f  l'ays„  very  sharPly  separated 

rounded  by  an  external  “  .  walls>  the  cytoplasm  is  sur- 

that  of  its  central  part  This  zoTe  g,f  <f’nsistency  heater  than 
01  Part,  this  zone  is  called  ectoplasm,  or  ectopias- 
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mic  layer,  or  plasmalemma,  in  opposition  to  the  rest  of  the  cyto¬ 
plasm  which  is  designated  as  endoplasm.  This  is  the  only  mem¬ 
brane  which  exists  in  the  plasmodium  of  the  Myxomycetes,  in  the 
Myxamoebae,  as  well  as  in  various  zoospores  and  spermatozoids 
of  the  algae  and  fungi.  In  other  material,  especially  in  the  lower 
organisms,  the  equilibrium  forms  of  the  protoplasm  when  in  the 
presence  of  water  consist  of  lobes  or  pseudopodia,  irregular  and 
changing,  blunt  or  spiny,  perhaps  in  accordance  with  temporary 
and  local  modifications  of  surface  tension.  There  again  everything 
goes  on  as  if  there  were  an  elastic  layer  around  the  cytoplasm. 
Figure  8  represents  the  division  into  two  tiny  plasmodia  of 
Vampyrella.  The  individuals  in  the  process  of  separation  remain 
for  a  long  time  united  by  a  protoplasmic  strand  which  becomes 
increasingly  thin.  Then  suddenly  it  breaks  in  the  middle  and  the 


FiC.  8.  —  Division  in  Vampvrella.  pa.  pseudopodia. 


two  points  liberated  by  the  rupture  go  back  into  the  P'“"’°dia 
which  they  belong  as  if  pulled  back  in  by  the  contrac  * 

"c  membrane8  In  another  cells  it  is  recogni^  thatan  anal- 

of  a  differentiated  membrane  to  which  the  P^  ^  membrane 

cells  has  been  attributed.  In  ,  staining.  Therefore 

its  ^tence^Selitiated  membrane  is  purely  theoretical 


Chapter  III 


-15- 


Physical  Properties 


(Chodat  and  Boubier,  Lepeschkin).  Furthermore,  certain  ex¬ 
periments  are  difficult  to  reconcile  with  the  existence  of  such  a 
membrane.  It  has  been  known  for  a  long  time  that  when  a  filament 
of  Vaucheria  is  injured  in  such  a  way  that  the  torn  cellulose  wall 
allows  portions  of  cytoplasm  to  run  out,  those  coming  in  contact 
with  water  immediately  assume  spherical  form  (Fig.  7).  They 
are  seen  at  the  same  time  to  become  enveloped  in  a  delicate  mem¬ 
brane  separating  them  from  the  surrounding  substance. 

The  microdissection  experiments  of  Chambers  on  animal  cells 
have  demonstrated  that  the  cytoplasm  always  shows  at  its  periph¬ 
ery  a  more  refractive  zone,  resulting  from  a  condensation  of  its 
substance,  constituting  a  sort  of  membrane.  When  trying  to  insert 
a  microneedle  in  a  living  cell,  it  is  noticed  that,  if  the  pressure  is 
not  too  great,  there  is  formed  a  depression  in  the  cytoplasm  at  the 
point  of  contact  as  if  an  elastic  membrane  separated  it  from  the 
instrument.  But  this  membrane  does  not  have  an  autonomous  exist¬ 
ence.  If  it  is  destroyed  over  a  small  area,  a  membrane  immediately 
separates  by  condensation  from  the  cytoplasm  at  the  wounded  spot. 
By  this  same  method,  Seifriz  has  demonstrated  at  the  periphery 
of  the  plasmodium  of  the  Myxcmycetes  a  very  elastic  membrane, 
capable  of  stretching  and  contracting  with  the  greatest  ease,  and 
resistant  to  a  remarkable  degree,  in  short,  a  limiting  layer  of  more 
dense  cytoplasm.  Whenever  it  is  torn,  a  new  one  forms  immedi¬ 
ately,  as  long  as  the  cytoplasm  is  alive,  whether  the  surrounding 
substance  be  air  or  water.  The  same  phenomenon  is  observed 
in  pollen  tubes.  If  the  tube  is  torn,  it  is  seen  that  the  cytoplasmic 
masses  which  are  detached  from  it  are  surrounded  forthwith  by  a 
membrane.  From  these  experiments  it  can  be  concluded  that  each 
fragment  of  naked  cytoplasm  possesses  the  property  of  separating 
itself  immediately,  by  a  delicate  membrane,  from  the  substance 
surrounding  it  It  is  comprehensible  that  the  cytoplasm  may  be 
nnely  divided,  being  at  all  times  surrounded  by  a  delicate  mem- 
*/ane’  ? u  f°  u  ®*ample>  in  the  Plasmodium  of  Badhamia  which 

the  5otton.wad-  It:  seems  demonstrated,  further¬ 
more,  that  this  membrane  is  not,  as  was  first  thought,  a  differenti- 

™e™brane  of  special  constitution,  but  a  limiting  surface  a 

cvtoDlLm^n1^  membrfane’  tbrou8ht  about  by  a  condensation  of  the 

bTU  rlaCt  witl\the  surrounding  environment. 

Su7e;^i;ablf0fWWkpnOWn/naCt  thf  ln  a  W  M 

centratimj  atfth  *7  P™^ SSSelt 

ffi  f "“Kpins- 

membrane.  ^  parable  to  the  ectoplasmic 
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TON,  however,  to  the  supposition  that  the  ectoplasmic  membrane 
differed  in  its  chemical  constitution  from  the  rest  of  the  cytoplasm 
and  that  it  was  composed  essentially  of  lipides.  Other  physiologists, 
for  similar  reasons,  have  considered  this  membrane  as  a  sort  of 
mosaic,  formed  of  lipide  and  protein  particles  (Nathansohn, 
Clowes).  The  objection  raised  was  that  there  were  no  morpho¬ 
logical  facts  to  confirm  this  hypothesis,  and  that  the  work  of 
Mayer  and  Schaeffer,  as  well  as  that  of  Faur£-Fremiet,  demon¬ 
strated  that  the  cytoplasm  is  a  lipo-protein  complex  and  that  the 
lipides  are  therefore  scattered  throughout  all  the  cytoplasmic  sub¬ 
stance.  There  are,  however,  strong  reasons  for  thinking  that  the 
ectoplasmic  layer  does  not  have  the  same  chemical  constitution  as 
the  rest  of  the  cytoplasm  but  that  it  differs  in  being  very  much 
richer  in  lipides.  Indeed,  in  a  complex  liquid  the  lipides  (lecithin, 
phytosterol,  etc.)  which  act  more  strongly  on  surface  tension  than 
proteins,  must,  according  to  Gibbs’  law,  accumulate  more  at  the 
surface.  This  constitutes  an  argument  in  favor  of  the  existence  of 
an  ectoplasmic  layer  richer  in  lipides  than  the  rest  of  the  cytoplasm 
(Nirenstein,  Hanstein,  Czapek).  The  work  of  Rayleigh,  De- 
vaux,  and  Langmuir  have  shown  that  oil  put  into  water  comes  to 
the  surface  where  it  forms  a  thin  layer,  and  that  its  molecules  have 
an  orientation  which  brings  about  an  electrical  polarization,  per¬ 
haps  comparable  to  that  which  is  encountered  in  the  ectoplasmic 

layer. 


Physiological  properties  of  cytoplasm:-  Protoplasm  is  irritable. 
According  to  Sachs’  definition,  irritability  is  the  capacity  of  living 
organisms  to  react  in  certain  ways  under  the  most  diverse  influ¬ 
ences  of  the  external  world.  This  very  complex  characteristic  is 
qualified  as  physiological  or  biological  because  until  now  its  Physico¬ 
chemical  mechanism  has  not  been  known.  It  is  manifested  by 
specific  reactions  dependent  upon  the  differences  between  cells. 
This  characteristic  is  common  to  all  the  morphological  constituents 
of  the  cell  (nucleus,  chondriosomes) ,  but  is  especial  y  easy  to  o 
serve  in  the  cytoplksm  itself.  One  of  the  most  wide-spread  re¬ 
actions  of  cytoplasm  and  the  easiest  to  perceive  is  motility  o 
cfntractibility,  i.e.,  the  property  by  which  the  cytoplasm  changes 

fr0ThiIaqCuatlitycaCn  be  observed  in  the  Myxamoebae  and  the  plasmo- 
dia  of  the  Myxomycetes  where  the  cells  lack  walls^  Here  mo  1  ty 
manifested  bv  changes  of  form  and  by  displacements.  Otl  e 
possess  permanent  extensions  of  the  cytoplasm  in  the  shape  of  lla- 
gelTa  or  vTatory  cilia  which  execute  movements  of  rotation  and 

oscillation  and  act  as  locomotor  organs  .^“Jcvtopksm  usually 
zoids).  Besides  these  external  movements  the  cyt  ^  ^ 

shows  internal  movements,  as  discovered  in  rotation,  cyc- 

observed  by  Trevikanus  These  movements  are  called  rotation,^ 

losis  or  circulation  of  the  ■ cytoplasm,  a  £  ®  „  having 

tioned  in  these  pages  They  are  found  >n  most  motil- 

walls,  where  they  are  the  only  manifestations  oi  cy 


Chapter  III 


-17- 


Physical  Properties 


ity.  They  are  very  easily  observed  in  the  epidermal  cells  of  the 
membranaceous  bracts  of  Iris  germanica  and  in  the  bulb  scales  of 
Allium  Cepa.  These  movements  are  observable  because  of  the  rapid 
displacements  of  the  lipide  granules  contained  in  the  cytoplasm 
which  are  seen  circulating  in  the  trabeculae  between  nucleus  and 
cytoplasm.  The  chondriosomes  also  are  carried  in  the  current  but 
much  more  slowly.  Very  favorable  objects  for  the  study  of  these 
movements  are  to  be  found  in  fungi  of  the  genus  Saprolegnia  and 
in  the  leaf  cells  of  Elodea  canadensis.  In  Saprolegnia ,  as  well  as 
these  movements  of  circulation  revealed  by  the  displacement  of 
lipide  granules  and  chondriosomes,  there  are  also  sometimes 
observed  displacements  of  an  entire  portion  of  the  cytoplasm  which 
carries  along  with  it  the  nucleus  and  vacuoles,  a  movement  which 
seems  to  be  due  to  a  general  contraction  of  the  cytoplasm.  These 
movements  can  be  easily  observed  in  moist-chamber  cultures.  The 
observations  of  Lapicque,  and  more  recently  of  Mangenot  on 
Spirogyra,  have  made  clear  the  general  nature  of  these  movements. 
In  direct  light,  the  cells  of  this  alga  show  a  hyaline  cytoplasm 
which,  in  addition  to  the  ribbon-like  chromatophore  which  will  be 
discussed  later,  contains,  in  suspension,  chondriosomes  in  the  form 
of  granules  and  short  rods.  These  are  arranged  in  rows  and  move 
toward  one  extremity  of  the  cell  or  the  other.  The  chondriosomes 
of  neighboring  veins  may  move  in  the  same  or  opposite  directions, 
then  may  mingle  in  great  agitation  and  soon  after  disperse,  either 
one  direction  or  by  different  chondriosomes  taking 
different  directions.  These  chondriosomes  are  being  carried  by 
currents  which  agitate  the  mass  of  cytoplasm,  currents  similar  to 
those  of  the  plasmodium  and  which,  like  them,  appear  to  be  rapid 
and  restricted.  These  currents  form  little  adjacent  veins  compar- 
m  certain  ways  to  the  convection  currents  which  agitate  a 

thqpUppiiaSf^t  1S  b.ein£.heated-  In  observing  the  deeper  regions  of 
the  cell,  the  nucleus  is  seen  at  the  center  attached  to  the  walls  bv 

“  fu™!3/  Cyt°Plasn?-  This  cytoplasm  lines  the  interna! 
lace  of  the  wall  as  a  thm  layer  surrounding  the  vacuole  The 

staUn«yaryfor^:r  the  vfcuole  changes  com 

Dolnt  fmW*  lnstanc,e\  the  moving  cytoplasm  accumulates  at  one 
po  nt  forming  a  protuberance  which  immediately  disappears  while 
aether  appears  a  certain  distance  away,  then 

agents  ‘(KST ta  lhe  presence  of  Afferent 
halted  by  anesthetics  chemical  substances,  etc.)  and  are 


The  cytoplasm  is  pemeaHefo0  wate^h* t  and.fixed  Preparations:- 
living  state,  it  is  S  pe^eabk  to  cew  •“  83  *  is  in  the 

m  water.  It  is  often  said  V  i  n  substances  dissolved 
stains.  It  has  C Wn  for' ‘*££7“  is,imP™ble  to  most 
basic  dyes,  called  vital  dm  such  ^  neuT™,  T™1-’  that  certain 
blue  and  methylene  blue,  have  the  P?S 
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cytoplasm  of  living  cells,  but  these  dyes  traverse  the  cytoplasm 
without  coloring  it  and  accumulate  exclusively  in  the  vacuoles.  They 
stain  the  vacuoles  only  in  the  living  state  and  disappear  in  them 
with  the  death  of  the  cells,  reappearing  in  the  cytoplasm  and  the 
nucleus.  They  will  be  discussed  later  (p.  131)  in  connection  with 
the  vacuoles.  Some  of  these  dyes,  however,  such  as  Nile  blue  and 
methylene  blue,  can  at  the  same  time  produce  diffuse  staining  of 
the  cytoplasm,  especially  when  used  at  a  high  pH. 

It  is  shown  today,  by  the  work  of  Kuster,  confirmed  by  ours  in 
collaboration  with  Gautheret,  that,  although  some  dyes  never 
pass  through  the  ectoplasmic  layer,  without  any  reason  for  this 
being  evident,  many  others  can  more  or  less  easily  penetrate  living 
cells.  Basic  dyes  are  in  general  the  only  ones  which  penetrate  the 
cell.  Like  those  already  mentioned,  they  may  accumulate  exclu¬ 
sively  in  the  vacuoles  under  certain  special  conditions  or  else  may 
show  a  predilection  for  the  chondriosomes  which  they  stain  first. 
Most  of  these  dyes  end  by  staining  the  cytoplasm  and  the  nucleus 
a  little  before  the  death  of  the  cell.  Among  these  dyes,  chrysoidine 
stains  the  cytoplasm  and  nucleus  superbly  in  cells  which  are  unques¬ 
tionably  alive,  clearly  showing  cytoplasmic  currents.  This  is  with¬ 
out  doubt  explained  by  the  nature  of  this  dye  which  is  readily 
dissolved  in  lipides. 

The  acid  dyes  in  general  do  not  penetrate  living  cells.  Eosine 
and  erythrosine,  however,  may  color  the  living  cytoplasm  and 
nucleus  as  Kuster  has  shown.  But  these  dyes,  incorrectly  con¬ 
sidered  by  this  observer  as  the  best  suited  to  staining  of  the  cyto¬ 
plasm,  penetrate  living  cells  only  with  great  difficulty  and  only  a 
short  time  before  the  death  of  the  cells,  without  doubt  because  of  a 
modification  of  permeability  produced  at  that  moment.  Aurantia, 
another  acid  dye,  penetrates  living  cells  very  slowly  but  immedi¬ 


ately  kills  them.  , ,  _  ,  .  •,  o1 

It  should  be  noted  that  all  dyes  capable  of  producing  vital 

staining  of  the  cytoplasm  do  so  only  between  slide  and  cover  glass, 
therefore  in  cells  placed  under  defective  conditions,  and  it  may  be 
admitted  that  this  is  sublethal  staining,  i.e.,  staining  which  occurs 
only  in  the  period  which  precedes  the  death  of  the  , 

If  nlants  are  cultivated  aseptically  in  media  to  which  these  dyes 
have  been  added,  ”t  is  noted  that  the  plants  grow  but  no  coloration 
of  the  c^opTasm  is  produced.  The  stains  accumulate  ,n  the  vacu¬ 
oles  It  is  only  in  cells  where  growth  has  stopped  that  tne  c> 
plasm  nucleus  and  ^ondriosomes 

and—' in ’cells  placed  ^  s“in"  —  t" 
lates  only  in  the  vacuoles  in  P  ,  taken  up  j,y  the  cytoplasm 

this  dye  has  been  added,  ™d  1 1  sea  lyt  ^search  (GuIL. 

except  in  cells  where ;  g  impossible  to  explain  this  differ- 

LIERMOND  and  Gautheret)  maae  i  between  slide  and 

ence  in  behavior.  Th«  stain'n?  1  ^ nndlr abnomal  conditions  and 
cover  glass  is,  in  reali  y»  ®  ,  This  is,  therefore,  unques- 

usually  with  toxic  quantities  of  the  dye. 
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tionably  sublethal  staining.  Nevertheless  in  cultures  to  which  vital 
dyes  have  been  added,  staining  of  the  cytoplasm  is  obtained  but  this 
staining  is  purely  transitory  and  is  visible  only  in  the  earlier  hours 
of  culture.  The  dye,  first  taken  up  by  the  cytoplasm  is  rapidly 
excreted  into  the  vacuole  which  appears  to  be  the  region  of  the 
cell  in  which  all  toxic  products  accumulate.  It  is  only  when  the 
dye  has  accumulated  in  the  vacuole  that  the  cell  begins  to  grow 
and  multiply.  Consequently,  only  vital  staining  of  the  vacuole  is 
compatible  with  growth  and  any  persistent  staining  of  the  cyto¬ 
plasm  is  necessarily  sublethal.  The  same  is  true  for  dyes  which 
stain  the  chondriosomes.  The  acid  dyes,  eosine  and  erythrosine  in 
particular,  do  not  in  general  stain  plants  cultivated  in  media  which 
contain  them. 

It  seems  likely  that,  ordinarily,  living  cytoplasm  does  not  have 
an  affinity  for  dyes.  Cytoplasm  in  healthy  cells  stains  only  under 
special  conditions  or  in  cells  which  have  ceased  to  grow.  More 
often,  staining  takes  place  just  before  their  death  in  cells  which 
are  not  healthy.  In  the  yeasts,  however,  Nile  blue  first  accumu¬ 
lates  in  the  cytoplasm  and  is  then  excreted  into  the  vacuoles.  In 


any  case,  these  dyes,  interesting  from  the  point  of  view  of  cellular 
permeability,  are  of  no  service  in  a  cytological  study  of  the  cyto¬ 
plasm  except  as  they  stain  the  chondriosomes. 

Once  dead,  the  cytoplasm  becomes,  on  the  other  hand,  very 
permeable  to  all  substances  dissolved  in  water.  This  can  be  ex¬ 
plained  by  considering  that  when  the  cytoplasm  is  coagulated,  the 
micelles  crowded  at  the  periphery,  forming  the  ectoplasmic  mem¬ 
brane  move  away  from  each  other  and  allow  the  substances  dis- 

through^reely  Urr°Undin^  medium>  esPecial]y  a11  the  dyes,  to  pass 

fixatio^n^t*7’  f°r  i^he  KtUdy  °f  the  c>rtoPIasni,  the  method  of 
fixation  and  staining  has  been  resorted  to  because  observation  of 

SinCe  ^e  Xp.asmrIeer  to 

neutral  liquids  like  alcohol  anH  *  JL,  !.  .enor  to  Besides  these, 

both  have  the  property  of  precipitating*^^7  as  ^xatives>  for 
its  dehydrating-  action  thp  iQt+  ^  ^  the  .proteins,  the  former  by 

to  form  insoluble  compounds  ^  Pr°t0pIasm 

fixatives  contahring  SorwwTh^'a  tCsta? ^  and 


1  Formalin  is  usually  acid,  almost  always 


containing,  furthermore. 


some  formic  acid. 
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late  or  alveolar  structure.  These  fixatives,  furthermore,  have  the 
disadvantage  of  dissolving  the  lipides,  which  are  among  the  essen¬ 
tial  constituents  of  the  cytoplasm.  Reagents  containing  acid  in  a 
very  dilute  state,  i.e.,  the  least  acid  fixatives,  especially  formalin, 
act  more  gently.  They  transform  the  cytoplasm  into  a  very  finely 
granular  coagulate  which  preserves,  in  appearance  at  least,  the 
homogeneous  aspect  it  has  in  the  living  state. 

In  general,  fixed  cytoplasm  stains  only  with  acid  anilin  dyes 
(eosine,  erythrosine,  light  green,  etc.).  This  distinguishes  it  from 
the  nucleus  which  stains  with  basic  anilin  dyes.  The  cytoplasm 
for  this  reason  is  said  to  be  acidophilic  while  the  nucleus  is  baso¬ 
philic .  This  affinity  of  the  cytoplasm  for  acids  is  generally  attrib¬ 
uted  to  the  fact  that  in  the  nucleo-proteins  which  compose  it  the 
nucleic  acids  may  be  entirely  saturated  with  simple  proteins.  These 
nucleo-proteins  thus  are  presumed  to  act  as  bases  in  regard  to  the 
acid  dyes. 

The  use  of  the  method  of  staining  material  after  fixation  has 
led  many  cytologists,  contrary  to  the  now  classic  description  of 
Dujardin,  to  believe  in  the  existence  of  a  special  organization  in 
the  cytoplasm.  So  for  a  long  time  the  cytologists  endeavored  to 
investigate  this  structure,  either  by  fixed  and  stained  preparations 
or  by  direct  observation  of  living  cells,  but  they  encountered  two 
great  obstacles.  By  fixing  the  cells,  they  completely  upset  the 
constitution  of  the  cytoplasm  which,  as  will  be  seen,  is  in  a  colloidal 
state  and  coagulation  images  were  induced.  In  the  second  place, 
by  tearing  off  the  epidermis  or  by  sectioning  or  cutting  the  tissue 
in  artificial  media  in  order  to  observe  living  cells,  alterations  of 
the  cytoplasm  were  caused  leading  to  its  death. 

Cytologists  who  studied  it  did  not,  consequently,  agree  on  the 
structure  of  the  cytoplasm  and  numerous  theories  were  proposed  of 
which  for  historical  interest,  the  principal  ones  will  be  summarized 
here  and  in  as  brief  a  manner  as  possible . 


1.  —  Reticular  theory ,  according  to  which  the  cytoplasm  is  com¬ 
posed  of  a  network  of  anastomosing  filaments  immersed  in  a  sub¬ 
stance  which  is  more  fluid  and  less  refractive  (Hanstein,  Reinke, 
Strasburger,  Carnoy,  etc.). 

2.  Filar  theory ,  according  to  which  the  cytoplasm  is  ™mposed 

of  a  fluid  mass  in  which  are  immersed  filaments  of  more  solid  i mt  - 
riat  wh^are  isdatod  one  from  the  other  (FLEMMING,  Habek- 

landt). 

3.  -  Alveolar  theory,  which  seems  to  have  had  the  most  adher¬ 
ents  and  which  is  still  advocated  by  some  cytologists. 

to  this  theory,  the  cytoplasm  is  formed 'J^waliTwhich are  more 

within  <*“’  CRAT0K 

4.  -Emulsion  theory  of  Kfi0NfTIT1^ 
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ing  to  this  theory,  these  spheres  and  not  the  cell,  constitute  the 
essential  morphological  units  of  living  matter. 

5.  —  Granular  theory  of  Altmann  which  assumes  that  the 
cytoplasm  is  composed  of  a  very  great  number  of  small  bodies  in 
the  shape  of  grains  called  bioplasts,  isolated  or  united  in  small 
chains,  having  the  appearance  of  bacteria.  These  grains  are  con¬ 
tained  in  a  homogeneous  ground  substance.  According  to  Alt- 
MANN,  these  bioplasts  are  morphological  and  physiological  units 
capable  of  division  and  of  leading  an  independent  life.  They  are 
homologous  to  bacteria  which  themselves  represent  independent 
bioplasts. 


Let  it  be  added  that  some  cytologists  used  to  think  that  all 
these  structures  might  be  encountered  in  a  single  cell  and  repre¬ 
sented,  in  consequence,  only  functional  states  of  the  cytoplasm.  Yet 
the  research  of  Henneguy,  Schwarz,  A.  Fischer,  Chodat,  etc., 
had  shown  much  earlier  that  different  fixatives  produced  as  many 
different  structures  and  that  most  of  the  structures  described  in 
the  cytoplasm  were  only  artifacts  produced  by  the  fixatives. 

Since  1908,  the  use  of  new  fixation  techniques  called  mitochond¬ 
rial,  producing  less  violent  coagulation  and  a  better  conservation  of 
the  lipides  of  the  cell,  has  led  cytologists  to  return  to  the  old  idea 
of  Dujardin  and  to  conclude  that  the  cytoplasm  is  homogeneous 
but  encloses  in  suspension  small  elements  called  chondriosomes. 
Observations  of  Faure-Fremiet  on  living  cells  of  Protozoa  (1910), 
ours  in  plant  cells  (1913,  1919)  and,  finally,  observations  com¬ 
pleted  on  Metazoan  cells  by  using  tissue  cultures  (M.  R.  and  W.  H. 
Lewis,  G.  Levi,  etc.)  have  confirmed  these  results  and  shown  that 
the  cytoplasm,  examined  under  favorable  conditions,  always  appears 
as  an  homogeneous  and  translucid  substance,  containing  in  suspen¬ 
sion  numerous,  slightly  more  refractive  chondriosomes.  While  this 
work  was  being  done,  the  use  of  the  ultramicroscope  had  led  physi¬ 
ologists  to  conclude,  even  as  early  as  1904,  that  the  cytoplasm  is 
in  a  colloidal  state  and  in  1908  Mayer  and  Schaeffer  were  able 
or  the  first  time  to  show  that  this  cytoplasm  always  appears 
optically  empty  under  the  ultramicroscope  and  presents  the  char- 
°f  ,a  flu'd  hydrogel.  From  that  time  on,  therefore,  there 

Sw  th  0T r.  beuany  questlon  of  any  structure  in  the  cytoplasm 
other  than  that  inherent  in  its  physical  constitution. 

fore  out  ^f  date  CP0SCdJ0r  the  structure  of  cytoplasm  are  there- 
tore  out  of  date  today  and  are  now  of  historical  interest  onlv  It 

is  easy  to  understand  how  fragile  the  cytoplasm  is,  now  that  its 

colloidal  State  is  known.  Most  fixatives  bring  about  the  disorkf 

««  ThishcoZ® 

ttn  of^the3  reticular  Th^On  The* 

£5  St  zist 

imperfect  conditions,  produces  a  disturbance  t  tte'very^deh^te 


Guilliermond  -  Atkinson 


-22- 


Cytoplasm 


equilibrium  of  the  colloidal  system  which  we  now  know  cytoplasm 
to  be,  and  brings  about  more  or  less  important  alterations.  It  has 
been  demonstrated  that  the  spherical  and  alveolar  structures  are 
in  reality  the  result  of  alterations  of  the  chondriosomes  which  swell 
and  are  transformed  into  little  spheres  and  large  vesicles.  As  foi 
the  filar  and  granular  theories,  it  will  later  be  seen  that  they  rest 
on  facts  exactly  observed  but  wrongly  interpreted.  Since  the  pro¬ 
posal  of  these  hypotheses,  our  knowledge  of  the  cytoplasm  has  been 
greatly  enriched  by  observations  of  the  following  types  of  material : 
fungi  observed  in  their  medium  of  culture,  leaves  of  aquatic  plants 
examined  also  in  their  own  medium,  membranaceous  bracts  of  Iris 
preserved  from  all  alteration  by  their  impermeable  cuticle,  and 
organs  of  plants  growing  in  Petri  dishes. 

It  is  thus  definitely  demonstrated  at  the  present  time  that  the 
cytoplasm  is  a  homogeneous  colloidal  system.  Its  physical  charac¬ 
teristics  will  be  studied  further  on.  The  method  of  fixation  and 
staining  can  not  be  used  in  the  study  of  the  cytoplasm  itself,  for 
this  gives  only  pictures  of  coagulation  which  furnish  no  idea  what¬ 
ever  of  its  actual  nature.  However,  modern  cytological  work 
carried  out  either  by  special  techniques  called  mitochondrial  or  by 
direct  observation  of  living  cells,  with  or  without  vital  staining, 
has  revealed  the  constant  presence,  in  the  cytoplasm  of  each  cell, 
of  a  chondriome  and  a  system  of  vacuoles,  constituents  of  which 
we  have  already  spoken  and  which  will  be  the  subject  of  the  fol 

lowing  chapters. 


Chapter  IV 


THE  CHEMICAL  CONSTITUENTS  OF  CYTOPLASM 


Proximate  analysis  of  the  cytoplasm:-  It  is  impossible  to  analyze 
the  cytoplasm.  Only  the  analysis  of  the  protoplasm  as  a  whole, 
including  the  nucleus,  can  be  obtained.  When  it  is  a  question  of 
specifying  the  chemical  constitution  of  the  cytoplasm  itself,  we  can 
only  have  recourse  to  microchemical  reactions  which  verify  the 
results  obtained  by  proximate  analysis  but  which  can  give  only  a 
very  inaccurate  idea  of  the  chemical  constitution  of  the  cytoplasm. 

It  is  especially  the  proximate  analysis  of  protoplasm  which  will 
give  us  an  idea  of  the  chemical  constitution  of  the  cytoplasm.  But 
before  discussing  the  principal  results  obtained  in  this  field,  it  is 
important  to  stress  the  exceptional  difficulties  attending  work  of 
this  type.  At  the  present  time,  we  possess  only  analytical  processes 
with  which  to  study  the  chemical  constitution  of  living  matter. 
Now,  protoplasm  is  killed  by  the  least  analytical  attempt  and  one 
is  immediately  reduced  to  working  on  dead  matter,  i.e.,  on  a  sys¬ 
tem  quite  obviously  modified.  As  for  the  synthesis  of  protoplasm, 
living  or  dead,  it  has  never  been  realized  and  in  the  present  state 
of  our  knowledge  it  even  seems  impossible  of  realization.  What  is 
more,  it  is  not  known  even  how  to  make  the  principal  substances 
entering  into  the  composition  of  living  matter  —  the  proteins  or 
lipides,  which  will  be  discussed  later  —  or  even  how  to  make  the 
veiy  numerous  organic  products,  such  as  starch  or  cellulose,  which 
are  generally  manufactured  in  the  cytoplasm 

ttiJSSVi  BER™EL01  has  ^id,  “To  know  really  the  nature  of 
things,  it  does  not  suffice  to  destroy  them.  We  must  be  able  tn 

ItdoTsnot  todicA' halySt  Iltea<*es  how  a  body  may  be  torn  down. 
It  does  not  indicate  how  it  has  been  built  up.  Everything  indicates 

on. the  contrary,  that  decomposition  in  most  cases  does  not  foHow 

m  reverse  direction  the  same  steps  as  synthesis.  The  two  processes 

*ffer  essentially  m  every  respect  from  each  other.  These  con- 

dpt«r  wL°,n^  W1  ma^e  ft  possible  to  give  the  proper  weight  to  the 

matter.  1C  ^  n0W  possess  on  the  chemical  constitution  of  living 

*s5,p.~is"ry 

follows Plasmodium  of  F uligo  septica  which 
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Analysis  of  original  (fresh)  material 


Water  _ .  82.6% 

Dry  material  .  17.4% 


100.0% 

Analysis  of  dry  material 

Substances  soluble  in  water 

Protides1  .  26.5% 

Sugars  .  14.2 


Substances  insoluble  in  water 


Protides  • 

Nucleoproteins  .  32.3% 

Nucleic  acids  .  2.5 

Albumins  .  2.2 

Globulins  . 0.5 

Lipoproteins  .  4.8 


40.7% 


Lipides 

Glycerides  . 

Sterols  . 

Compound  lipides 


42.3% 


6.8% 

3.2 

1.3 


11.3% 

Mineral  salts  .  2.2 

Miscellaneous  .  2.5 


59.3 


100.0% 


A  study  of  this  table  admits  of  the  following  conclusion :  the 
protoplasm  of  the  plasmodium  of  Fuligo  is  composed  essentially  of 
proteins  in  the  proportion  of  68.8%  (including  the  lipoproteins)  and 
of  lipides  in  the  proportion  of  15%  (including  the  lipoproteins) 
and  in  addition,  sugars  (14.2%)  and  mineral  salts  (2.2%). 

The  chemical  constituents  of  cytoplasm.  Protides2:-  The  pro¬ 
tides  comprise  the  proteins  and  their  hydrolysis  products,  ^ 
amino  acids.  The  protides  are  the  essential  constituents  of  oyto- 
plasrn  and  are,  as  is  known,  the  most  complicated  of  organic  com¬ 
pounds.  Their  molecules  are  the  largest.  These  proteins  charac- 

^'p^oteias* ar^dassified^in^two  %£?£%£?** 


» Cf.  Footnote*. 

.  oto ,r.nd'BTrh™"»rcimml««. 

'r  B^’ch^.l^LVni.LI  (1908.  and  refer.  t.  prcU.n.  .nd 
Lino'Jk  .mines.  .mid...  —  ^ 

Am.rSrc^.'uCa,  ^  -i«  be  -doPted  here  In 

the  French  text. 

«  Translator’s  not*.  Conjugated  proteins. 


any  used  in  the  classifica- 
on  Protein  Nomenclature, 
their  hydrolysis  products. 

more  generally  used  by 
translation  of  proUide  in 
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acid  groups  and  the  hydrolysis  of  these  holoproteins  results  only 
in  amino  acids  and  their  derivatives.  The  heteroproteins  are  much 
more  complicated  and  are  divided  into  nucleoproteins,  phosphopro- 
teins  and  glycoproteins.  The  heteroproteins  give  not  only  amino 
acids  by  hydrolysis  but  other  substances  belonging  to  different 
organic  groups. 

The  nucleoproteins  may  be  considered  as  the  combination  of  a 
simple  holoprotein  and  a  nuclein,  which  is  itself  a  combination  of 
holoprotein  with  a  nucleic  acid.  Nucleic  acids  are  esters  of  phos¬ 
phoric  acid  containing,  side  by  side  with  this  acid,  a  sugar  repre¬ 
sented  in  plants  either  by  a  hexose  or  a  pentose  (ribose)  as  well 
as  organic  bases  of  the  purine  series  (guanine,  hypoxanthine, 
adenine)  and  of  the  pyrimidine  series  (cystosine). 

The  phosphoproteins  are  proteins  which,  like  the  nucleopro¬ 
teins,  give  on  hydrolysis,  amino  acids  and  phosphorus-containing 
substances  other  than  nucleic  acids.  As  for  the  glycoproteins, 
they  decompose  by  hydrolysis  into  proteins  and  sugar.  The  phos¬ 
phoproteins  and  the  glycoproteins  are,  moreover,  very  imperfectly 
known. 


Holoproteins  are  always  found  in  protoplasm  but  they  seem  to 
play  only  a  small  part  in  the  constitution  of  living  matter.  They 
usually  represent  products  of  cellular  metabolism  and  are  chiefly 
localized  in  the  vacuoles  where  they  constitute  reserve  products 
(aleurone).  The  greatest  proportion  of  the  constituents  of  living 
matter  seem  to  belong  to  the  heteroproteins,  among  which  the 
nucleoproteins  dominate.  They  do  not  seem  to  be  exclusively  local¬ 
ized  in  the  nucleus,  contrary  to  an  opinion  often  accepted,  but  they 
are  found  also  in  the  cytoplasm.  In  1881,  Reinke  and  Rodewald, 
studying  the  chemical  composition  of  the  plasmodium  of  Fuligo 
septica,  concluded  that  it  is  in  large  part  made  up  of  a  phosphorus- 
containing  protein  presumably  formed  by  the  union  of  a  nuclein 
and  a  protein.  These  results  assigning  to  the  cytoplasm  a  nucleo- 
protein  constitution  have  since  been  verified  in  material  differing 
greatly  from  the  above.  In  1892,  Halliburton  observed  that  the 
nucleoprotein  extracted  by  him  from  the  kidney  was  in  too  great 
quantities  to  have  come  from  the  nuclei  alone  and  concluded  cate- 

ThPn  y  ‘hiS  pr0tein  came  above  a11  from  the  cytoplasm. 
Then  in  1895,  Halliburton  isolated  another  nucleoprotein  from 

mammalian  red  blood  corpuscles  which  do  not  have  nuclei.  These 

analyses  and  many  others  published  since,  that  of  Lepeschkin 

or  example,  actually  indicate,  it  would  seem,  that  the  histochemical 

?sr°a  diff  are  nu^letoproteins-  xt  ^  admitted,  however,  that  there 
tw»d  f  tv,6"06  between  the  nucleoproteins  of  the  cytoplasm  and 

saturated  bevntheeUS't  f0rmer  the  nucleic  acid  is  completely 

not  comniete  and  t°h  wWle  “  the  ,atter  the  saturation  is 

__  and  there  is  some  uncombined  nucleic  acid  Thp 

™f,of  be  au‘leus  to  be  stained  with  basic  dyes's  due  accord 

affixL  to\Ve  baSdtyetheSonitmbl  mdhnUC,eiiC  Which  beCOmes 

C  dyes.  So  it  would  be  explained  that  the  nucleo- 
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proteins  of  the  nucleus  are  basophilic  while  those  of  the  cytoplasm 
are  acidophilic. 

Lipides:-  As  is  known,  lipides  include  substances  of  very  varied 
chemical  constitution  which  fall  into  one  group  by  reason  of  their 
common  properties:  solubility  in  ether,  chloroform  and  benzene 
as  well  as  diverse  histochemical  characteristics. 

Lipides,  but  for  rare  exceptions,  seem  to  be  exclusively  con¬ 
tained  in  the  cytoplasm.  Analysis  of  plant  tissues  shows  that  they 
constitute  a  considerable  proportion  of  the  cytoplasm,  15-25%,  and 
among  these  are  the  simple  lipides  ( lipides  temaires)  and  the  com¬ 
pound  lipides.  The  simple  lipides1  include  on  one  hand  the  glucer- 
ides  or  true  fats,  esters  of  glycerol  and  a  fatty  acid,  and  on  the 
other,  the  sterols2  composed  of  alcohols  of  high  molecular  weight 
which  can  be  esterified  by  fatty  acids.  The  compound  lipides  are 
subdivided  into  phospholipides,  esters  resulting  from  the  combina¬ 
tion  of  an  alcohol,  inositol,  with  phosphoric  acid  and  the  phospho- 
aminolipides ,  represented  by  lecithins,  which  like  the  glycerides,  are 
esters  of  glycerol  but  contain  nitrogen  and  phosphorus  and  in  which 
two  alcohol  linkages  of  glycerol  are  combined,  each  to  a  molecule 
of  fatty  acid,  the  third  being  united  to  a  molecule  of  phosphoric 
acid  itself  linked  to  choline  and  sometimes  to  betaine,  a  substance 
possessing  both  the  alcohol  and  the  amino  function. 

A  considerable  proportion  of  protoplasmic  lipides  represent  re¬ 
serve  products  which  accumulate  at  certain  periods  in  the  lite  oi 
the  cells  and  are  later  consumed.  Such  is  the  case  for  most  of  the 
glycerides  and  perhaps  also  for  certain  lecithins.  Sterols  and 
fecithins  are  also  found  in  the  vacuoles  where  they  are  products s  of 
metabolism  whose  role  is  not  yet  known.  But  the  work  of  Mayer 
and  Schaeffer  on  animal  cells,  the  results  of  which  certain  y  app  y 
to  plant  cells,  has  shown  that  a  notable  part  of  these  lipides  rep  - 
sent  an  essential  constituent  of  the  cytoplasm.  They  are,  tnere 

as  masked  lipides.  Their  exis  by  chemical  analysis. 

^^^Ms'b^this'chemfca/an^i^is  that  notable^  quantities  state 

represented  in^igurT^^n^^whicl^no  trace  of^thm^is^found^w^th 

are'som^.^howeverl'vvhich^are^united  Jthe  proteins  in  an  unstable 

si"  SL?  - LtT-  -  — 

»  Translator’s  note.  T  ne  sterois 
of  fatty  acids. 
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way,  in  weak  chemical  combination  or  by  a  simple  physical  adher¬ 
ence.  These  may  be  disclosed  by  special  histochemical  methods 
isolating  them  from  their  combination,  i.e.,  they  may  be  unmasked. 
Others  of  these  masked  lipides  are  united  as  stable  chemical  com¬ 
pounds  in  a  very  intimate  manner  with  the  proteins  and  can  be 
demonstrated  only  by  destroying  the  protein  substances  to  which 
they  are  united,  either  by  chemical  hydrolysis  or  by  digestion. 
Chemical  analysis,  therefore,  is  the  only  process  by  which  their 
presence  can  be  demonstrated. 

It  would  seem  as  if  this  would  hold  true  for  plant  cells.  It 
has  been  observed  that  tissues  rich  in  proteins  are  also  rich  in  leci¬ 
thins.  It  is  also  probable  that  lecithins  are  among  the  most  im¬ 
portant  chemical  constituents  of  the  plastids  and  chondriosomes. 
Some  authors,  having  ascertained  a  fixed  relation  between  the 
content  of  lecithin  and  chlorophyll  in  tissues,  state  that  this  pig¬ 
ment  exists  in  the  chloroplasts,  in  a  combined  state,  as  chloroleci- 
thin. 

Lipide  granules  which  are  found  in  all  cells  are  perhaps  the 
product  of  an  unmasking  of  lipides  which  takes  place  normally 
under  certain  conditions.  This  phenomenon  seems  to  be  more  pro¬ 
nounced  during  cellular  degeneration  resulting  in  fatty  degenera¬ 
tion  (lipophanerosis) . 

It  must  be  added  that  Dujardin  had  observed  that  when  the 


cuticle  surrounding  the  cellular  body  of  certain  Infusoria  is  injured, 
the  cytoplasm  in  contact  with  water  forthwith  forms  droplets  which 
he  calls  “boules  sarcodiques”,  balls  of  sarcode.  Maggi,  who  later 
took  up  the  study  of  them,  thought  that  they  corresponded  to  the 
figures  observed  when  myelin  (a  compound  lipide  forming  the 
peripheral  layer  of  axone  in  higher  animals)  comes  in  contact  with 
water.  There  are  found  then,  at  the  surface  of  the  myelin,  fila¬ 
mentous  protuberances  whose  extremities  finally  swell  out  in  the 
shape  of  clubs.  Many  cytologists  have  found  similar  figures 
(Kolsch,  Albrecht,  Schneider,  Prowazek,  Faure-Fremiet, 
Kuster)  both  in  animal  and  plant  cells.  These  figures  form  in 
large  quantities  all  around  the  vacuoles  during  the  phenomena  of 
plasmolysis.  They  form  pedicelled  buds  which  may  break  off  and 
become  introduced  into  the  vacuole  as  vesicular  buds  and  might 
correspond  to  the  myelin  figures  arising  by  separation  of  the  lipides 
trom  the  cytoplasmic  lipoprotein  compound. 


Various  products  and  mineral  substances:-  It  has  been  seen  that 

products  nfdfff  *  5™"*-  but  in  Smaller 

products  of  different  sorts :  sugars  resulting  from  cellular  metabol¬ 
ism,  localized  mostly  in  the  vacuoles,  and,  more  important  min- 
ra  substances,  among  which  potassium,  magnesium  iron  mav  be 
especially  mentioned.  These  minerals  which  seem  to  nlavTLv 
important  role  in  the  manifestations  of  living  protoplasm  mav 
be  in  the  form  of  ions  or  molecules  or  may  be  fixed  hv  S’  ?ay 

UK*  “•>  •"**' SSS 
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Water:-  Water  is  an  important  constituent  of  protoplasm.  In 
fact,  all  protoplasm  contains  water  interposed  between  its  micelles. 
This  water  is  indispensable  for  the  manifestations  of  vital  phe¬ 
nomena  as  these  can  be  produced  only  if  the  protoplasm  is  in  a 
semi-fluid  state.  The  water  content  of  living  substance  varies 
with  age,  i.e.,  according  to  the  physiological  state  of  the  cells  and 
also,  in  certain  plants,  according  to  the  environmental  conditions. 

In  a  general  way,  in  the  course  of  the  life  of  a  plant,  the  maximum 
water  content  coincides  with  the  maximum  physiological  activity. 
The  differences  which  exist  in  the  viscosity  of  the  cytoplasm,  vary¬ 
ing  with  the  age  of  the  cells,  have  already  been  mentioned.  The 
amount  of  water  held  in  the  cytoplasm  varies  from  80-90%  by 
weight.  A  part  of  this  water  may  be  removed  but  then  the  vital 
activity  is  diminished.  If  it  is  almost  all  suppressed,  the  proto¬ 
plasm  in  certain  cases  may  not  die  but  passes  into  a  state  of  re¬ 
tarded  activity  (anhydrobiosis) .  This  is  the  case  normally  in  the 
spores  of  bacteria  and  fungi,  as  well  as  in  the  seeds  of  phanero¬ 
gams  which,  during  maturation,  become  dehydrated  until  they  con¬ 
tain  only  10-18%  of  water  and  sometimes,  as  in  certain  fatty 
seeds,  as  little  as  5-6%. 


Chapter  V 


PHYSICO-CHEMICAL  CONSTITUTION 
OF  THE  CYTOPLASM 

The  cytoplasm,  as  has  been  seen  earlier,  appears  to  be  con¬ 
stituted  essentially  of  proteins  (68.8%  of  dry  weight),  water- 
insoluble  lipides  (about  15%  of  dry  weight),  and  a  large  propor¬ 
tion  of  water  (80-90%  of  fresh  material)  containing  various 
mineral  substances  in  solution.  It  may  be  considered  then  as  a 
colloidal  solution  whose  micelles  are  represented  by  protein  mole¬ 
cules  united  with  lipide  molecules,  the  intermicellar  liquid  being 
water. 

It  seems  that  every  cell  contains  the  same  chemical  constituents 
and  that  differences  between  the  cellular  types  exist  only  in  the 
proportions  of  the  chemical  constituents  present.  One  is  obliged 
to  admit,  however,  that  each  type  of  cell  has  a  protoplasm,  and 
therefore  a  cytoplasm,  which  is  peculiar  to  it.  The  widely-varying 
properties  of  the  plastids  are  identified  not  only  by  the  differences 
of  minimum  and  maximum  temperatures  necessary  for  their 
growth,  but  by  the  elaboration  products  of  their  protoplasm,  which 
differ  essentially  from  one  cell  to  another.  The  diverse  properties 
of  different  plants  are  due  to  the  individual  constitution  of  their 
Pr<^Q°?  as^  an.d’  *n  Particular,  of  the  cytoplasm  which  is  peculiar 
.0l?e  1S  therefore  driven  to  the  idea  of  specificity  of  proto- 

thi^nobvl  T  1CairflySi!uhaS  not  80  far  furnished  any  basis  for 
this  notion.  Nevertheless,  the  possible  number  of  different  nucleo- 

snedesSof em?  th,eoretif  indefinite,  it  is  admissable  that  each 
protean  f  °r  P  ant  be  characterized  by  a  special  nucleo- 

S&s 

to  enormous  molecules  ionize  to  f mice  es’  seeming  to  correspond 
ions,  havingZ  electric  char^  l  ^  micellar  ions-  or  Protein 
the  dissociation  o  the  valencf bond  °nf°US  *  ?at  resultin«  from 
.  The  proteins  correspond  S  electroK^T^^!^^  e'ectroiyte. 
is  to  say,  possessing  at  the  same  timf  c  ?ed,  ^Mytea,  that 
They  are  formed  as  is  knotn  nf  aCld  and  basic  functions, 
the  next,  a  great  numberoTiimestofo™  COmbined  one  with 
Now  an  amino  acid  mav  bp  <5^0’™°*-  °^n  enormous  molecules, 
following  formula:  y  schematically  represented  by  the 
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Radical 


(acid  function) 


(basic  function) 


There  is,  therefore,  an  acid  function  COOH  and  a  basic  function 
NH2  and  this  amino  acid  is  an  electrolyte  in  both  senses,  being 
able  by  dissociation  to  give  an  H+  ion  as  well  as  an  OH-  ion.  In 
the  first  case  there  will  be: 


R 


When  the  medium  is  acid,  the  dissociation  of  the  acid  function  is 
diminished  or  blocked  by  virtue  of  the  law  of  mass  action,  whereas 
all  the  OH-  ions  leave  the  radical  of  the  ampholyte  and  the  basic 
function  is  manifested.  The  ampholyte,  then,  is  composed  only  of 
R*H+  and  behaves  like  a  cation.  In  the  electric  field  it  will  migrate 
to  the  negative  pole.  When,  on  the  contrary,  the  medium  is  basic, 
the  dissociation  of  the  basic  function  diminishes  or  is  blocked, 
whereas  that  of  the  acid  function  increases.  The  ampholyte  is  now 
constituted  only  of  the  anion  R*OH-  It  behaves  like  an  anion 

and  migrates  to  the  positive  pole.  , 

Finally,  and  this  is  very  important,  for  a  certain  mtermed  a 
reaction  between  the  two  extremes,  the  dissociation  of  the  acid 
valence  being  equal  to  the  dissociation  of  the  basic  valence,  the 
ampholyte  is  both  an  anion  and  a  cation  simultaneously  and  there¬ 
fore  behaves  somewhat  as  though  it  did  not  have  any  electri 

rnigrrat'io^T?s 'called 


symbol  pHi).  .  .  .. 

At  their  isoelectric  point,  the 
demonstrated  by  Jacques  Loeb,  a 


ampholytes  show,  as  has  been 
series  of  special  properties:  a 
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minimum  of  solubility,  a  minimum  of  viscosity  and  of  linkage  with 
peripheral  electrolytes  (i.e.,  minimum  ability  to  combine),  mini¬ 
mum  swelling  in  water,  maximum  rigidity  and  maximum  insta¬ 
bility  in  solution.  At  the  isoelectric  point  the  ampholyte  is  ex¬ 
tremely  apt  to  flocculate.  It  seems  therefore  that  the  fundamental 
properties  of  cytoplasm  must  be  dominated  on  the  one  hand  by  the 
pH  of  the  intracellular  liquids  and  on  the  other  hand  by  the  iso¬ 
electric  point  of  its  constituents. 

Physical  constitution  of  cytoplasm:-  The  classical  researches  of 
Mayer  and  Schaeffer  (1908)  made  an  important  contribu¬ 
tion  to  the  study  of  the  colloidal  state  of  cytoplasm  in  so  far  as 
animal  cells  are  concerned.  These  results  apply  equally  well  to 
plant  cells  and  must  be  considered  first. 

Mayer  and  Schaeffer  undertook  first  the  study,  with  the  ultra¬ 
microscope,  of  colloidal  solutions  of  different  organic  colloids. 
They  then  in  a  comparative  way  were  able  to  begin  the  study  of 
animal  cells.  They  showed  that  these  solutions  may  present 
two  very  different  optical  appearances.  Some,  such  as  glycogen, 
dialyzed  albumin,  and  diastases,  are  characterized  by  a  suspension 
of  a  large  number  of  micelles,  brightly  lighted  and  animated  by 
Brownian  movement.  These  are  the  hydrosols.  Others,  such  as 
white  of  egg  and  nucleoproteins,  appear  optically  empty  and  with¬ 
out  any  visible  micelles  whatever.  They  are  filtered  with  difficulty 
and  show  very  high  viscosity.  They  are  composed  of  micelles  con¬ 
taining  a  great  deal  of  water,  thus  possessing  a  strnntr  linlrncro  -un+h 


any  affinity  whatever  for  water  and 
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form  hydrosols,  from  the  hydrophilic  colloids  whose  micelles 
have  a  strong  affinity  for  water  and  produce  solutions  which  are 
optically  void  (fluid  hydrogels  of  Mayer  and  Schaeffer).  Other 
authors  have  reserved  for  this  latter  group  the  name  isocolloids  and 
differentiate  between  the  semi-fluid  state  or  isocolloidal  hydrogel 
and  the  fluid  state  or  isocolloidal  hydrosol. 

The  structure  of  the  hydrogels  is,  moreover,  variously  inter¬ 
preted.  Certain  authors  consider  the  hydrogel  as  formed  by  an 
assemblage  of  micelles  lying  more  or  less  closely  together  and 
heavily  saturated  with  water  (Bradford).  Others  consider  it  as 
constituted  of  a  network  holding  water  in  its  alveoli  (Hardy). 
Still  others  including  Procter,  Wilson,  Jacques  Loeb,  think  that 
there  is  no  difference  between  a  true  solution  and  a  protein  hydro¬ 
gel.  They  believe  that  the  protein  hydrogel  is  made  up  of  a  homo¬ 
geneous  dispersion  of  protein  and  water  molecules,  their  propor¬ 
tional  amounts  varying  greatly  and  regulating  the  consistency  of 
the  system.  Lumiere,  elaborating  on  this  conception,  separated 
into  two  categories  the  substances  which  until  then  had  been  desig¬ 
nated  as  colloidal :  first,  the  micelloid  colloids,  in  the  state  of  hydro- 
sols,  formed  of  voluminous  polymolecular  particles  and  visible  in 
the  ultramicroscope  and  second,  molecular  colloids,  characterized 
by  the  optically  void  state  of  their  solution,  formed  of  monomolec- 
ular  particles  and  taking  on,  as  they  solidify,  the  aspect  of  glue. 
These  last,  according  to  Lumiere’s  view,  are  in  reality  true  solu¬ 
tions,  distinguished  from  solutions  of  crytalloids  only  by  the 
enormous  dimensions  of  their  molecules  to  which  they  owe  their 
special  properties. 

Devaux,  who  shared  this  opinion,  looks  upon  these  colloids  as 
allied  to  strongly  polymerized  compounds,  such  as  cellulose  and 
rubber  recently  studied  by  Staudinger,  which  Devaux  considers 
as  formed  of  molecules  characterized  by  being  extraordinarily  long 
but  still  conserving  transversely  the  dimensions  of  ordinary  mole¬ 
cules,  i.e.,  molecules  arranged  in  a  line.  This,  according  to  De¬ 
vaux,  explains  their  colloidal  properties,  for  example  their  ability 
to  swell  up  in  certain  liquid  media  and  give  viscous  and  ropy  solu¬ 
tions.  Certain  reasons  would  seem  to  support  this  opinion,  it  is 
known,  in  fact,  that  two  molecules  of  amino  acids  may  combine  by 
peptide  bonds  and,  by  repetition  of  the  process,  form  a  long  chmn 
constituted  of  molecules  arranged  in  lines  carr^ng  latcra  y 
oars,  the  radicals  of  various  amino  acids,  ^veral  polypeptide^  in  y 
combine  in  this  way  to  give  a  very  long  ' chain,  straight  «f» 
over  such  as  keratin  which,  according  to  the  work  of  Astbur  , 

shows  linear  molecules  (X-ray  patterns)  The 
tein  structure  is  not  far  enough  advanced  so  that  it  can  be  known 
whethe?  generalization  can  be  made  from  this  structure  to  include 
^vtonlasmfc  proteins  Nevertheless,  some  biologists  recognize  the 
2S  the  ^fibrillar  structure  and  crystelhnenatureoo= 

.  gels  and  in  particular  of  the  cytoplasm  (S™>- 

ZttTMrtions'obt^rinthT; plasmodia  of  Myxomycetes 
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(Comandon  and  Pinoy,  Seifriz,  Mangenot)  and  the  elastic 
properties  of  the  cytoplasm. 

Utilizing  the  results  obtained  from  the  study  of  protein  solu¬ 
tions,  Mayer  and  Schaeffer  with  the  ultramicroscope  began  the 
study  of  animal  cells  living  under  favorable  conditions.  This  study 
permitted  the  authors  to  observe  that  the  cytoplasm  presents 
in  the  ultramicroscope  only  a  few  lighted  granules,  which  do 
not  show  Brownian  movement.  They  are  not  to  be  classed  as  mi¬ 
celles  for  they  are  always  visible  in  direct  light.  In  addition  to 
these  granules  which  belong  to  the  paraplasm,  the  cytoplasm, 
like  the  nucleoprotein  solutions,  does  not  show  under  the  ultra¬ 
microscope  any  visible  micelle  at  all.  Schaeffer,  therefore,  has 


^  ih7iiov'„ip«"mtah  “"v'  y 

invisible  filamentous  pLliSi  nr  ?Cn°disn  'Y  "ithi" 

ss,  IAS.-*—  - -.err  ££*£ 

arfefectronegative  hySelTL^wf  ^  behaves 

it  becomes  cloudy  when  ft  s  ™„"  the/lka>'?e  or  native  gels, 
nous  streaks  afe  seen  then  ,,.^  d3:  at  first  confus«>  lumi- 

soon  become  visible  in  direct  hviitiv,  mic,'oscoPlc  granules  which 
Finally  the  cytopfasm  becomes  en  reW  fd  aSSemble  in  a  »<*work. 
lated.  The  salts  of  heavy  metals  and^nT'^T  ^  is  then 
ployed  as  fixing  agents  act  in  thp  *  £eneral>  all  substances  em- 
the  “  acids-  bF  making 

(alcohol,  heat)  act  simK  On  the  ^  •  The  dehYrators 
alkalis  the  cytoplasm  remains  optically  emptyf’  “  the  presence  of 
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The  ultramicroscopic  observations  of  Faure-Fremiet  on  In¬ 
fusoria  and  sexual  cells  of  the  Metazoa,  followed  by  the  work  of 
others  (Aggazzotti,  Marinesco,  Mossa,  etc.),  have  confirmed  the 
results  of  Mayer  and  Schaeffer  on  the  optically  void  state  of  the 
cytoplasm.  Furthermore,  observations  on  living  cells  of  tissue  cul¬ 
tures  by  Levi  and  the  micromanipulations  of  Chambers  are  equally 
in  accord  with  these  results.  It  is,  however,  to  be  noted  that  some 
cytologists,  such  as  Chambers,  have  designated  under  the  name 
of  hydrosol  the  state  corresponding  to  the  fluid  hydrogel  of  Mayer 
and  Schaeffer. 

The  question  of  the  colloidal  state  of  cytoplasm  has  been  much 
more  discussed  in  connection  with  plant  cells.  The  first  observers, 
Gaidukov  and  Russo,  using  the  ultramicroscope,  came  to  the  fol¬ 
lowing  conclusions:  The  cytoplasm  of  these  cells  appears  as  a 
heterogeneous  structure;  its  micelles  are  animated  by  Brownian 
movement;  the  cytoplasm,  therefore,  offers  the  characteristics  of 
a  hydrosol.  This  opinion  is  still  held  today  by  Lepeschkin.  Price 
has  stated,  on  the  contrary,  that  the  cytoplasm  of  plant  cells  most 
often  appears  optically  empty,  i.e.,  as  a  hydrogel.  However,  this 
author  concedes  that  it  may  pass  from  the  state  of  a  hydrogel  to 
that  of  a  hydrosol.  Pensa  has  described  in  plant  cells  a  hetero¬ 
geneous  structure  in  a  semi-fluid  suspension  medium,  presenting 
a  luminosity  always  more  or  less  marked.  He  hesitates  to  consider 
it  as  a  hydrogel  or  a  hydrosol.  In  this  substance  he  believes  there 
is  a  dispersed  and  solid  phase  represented  by  a  few  strongly  lighted 
microsomes  and  a  dark  liquid  phase  also  containing  some  micro- 
somes  animated  by  Brownian  movement. 

The  work  of  Lapicque  and  his  students,  that  of  Becquerel,  and 
our  work  have  shown,  on  the  contrary,  that  the  cytoplasm  of  plant 
cells  takes  on  the  same  aspect  as  that  of  animal  cells.  It  is  always 
Ar%fir«oiUr  orrmtv  in  living  cells  and  becomes  entirely  luminous  when 


genToday;  therefore,  it  may  be  recognized  as 
lished  that  the  cytoplasm  in  plant  cells  as  wel 
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appears  optically  empty  as  Mayer  and  Schaeffer  described  it. 
What  remains  still  obscure  in  the  question  is  the  physical  structure 
which  can  be  attributed  to  that  optically  empty  state  which  charac¬ 
terizes  the  cytoplasm,  both  in  plant  and  animal  cells.  From  every 
point  of  view  the  cytoplasm  appears  as  a  colloidal  solution  or  a 
fluid  gel.  It  is  not,  however,  miscible  with  water.  This  is  a  fact 
of  capital  importance  which  distinguishes  it  essentially  from  all 
gels  or  solutions.  To  designate  the  peculiarity  of  this  gel-like  sys¬ 
tem  of  not  being  able  to  mix  with  the  excipient,  water,  although 
water  represents  90%  of  its  weight,  the  Italian  physiologist,  Bot- 
tazzi,  has  created  the  term  gliode.  The  gliode  is  a  colloidal  system 
existing  exclusively  in  living  cells,  particularly  in  the  cytoplasm. 

Kruyt  and  Bungenberg  de  Jong  in  recent  work  have  sought 
vto  explain  this  peculiarity  by  considering  the  cytoplasm  not  as  a 
hydrogel  but  as  a  coacervate.  They  have  shown  that  a  very  slight 
addition  of  the  precipitating  agent  may  bring  about,  at  first,  a  par¬ 
tial  separation  of  the  colloid  from  the  solution,  in  the  form  of  a 
mass  retaining  a  considerable  quantity  of  the  solvent  and  still 
showing,  in  consequence,  a  more  or  less  marked  fluidity.  This  col¬ 
loid  which  is  fluid  but  more  concentrated  than  the  original  system 
is  miscible  with  an  excess  of  the  solvent.  This  phenomenon  is 
called  coacervation  and  the  fluid  mass,  separated  as  described,  is 
called  the  coacervate.  Now  coacervate  systems  are  very  reminis¬ 
cent  of  cytoplasm.  Such  systems  can  be  prepared  in  the  laboratory. 
Bungenberg  de  Jong  has  been  able  to  produce  coacervates  in  which 
water,  proteins  and  lecithins,  i.e.,  the  normal  constituents  of  proto¬ 
plasm,  are  actually  associated  in  artificial  cells,  presenting  striking 
analogies  with  real  cells  and  showing  a  central  body,  like  the  nu¬ 
cleus,  and  globules  of  oil,  separated  by  invisible  films.  What  is 
more,  these  systems  are  stable  when  the  pH  value  is  in  the  neigh- 
borhood  of  7.4,  i.e.,  when  the  pH  values  are  comparable  to  that 
\vhich  seems  to  exist  in  the  cytoplasm.  Of  course  these  resemb¬ 
lances  are  of  a  purely  physical  nature  and  do  not  in  any  way  con- 

cytoplasm  abso  ute  y  lnimitable  physiological  activity  of  living 


Cellular  constants  and  equilibria:-  Some  substances  exist  in  tt,„ 

*  s; -t;1  sSS'”"1’ ■" 

constituents  of  the  cytonlasm  °f.the  Permanent 

water.  These  latter  show  dlfferinTorontt  HPides  a"d 

ing  properties  when  in  the  Veil  The  st  u-f!  an*  k,eep  their  differ- 
tained  only  becaus e  itevarioui'p is  m ^ 
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think  that  the  properties  of  protoplasm  are  determined  by  the  pro¬ 
portions  of  its  fundamental  constituents.  These  are  not  distributed 
in  a  hit-or-miss  fashion,  but  are  always  found  for  the  same  type 
of  cell  in  invariable  ratios  which  Mayer  and  Schaeffer  call  cellu¬ 
lar  constants. 

It  is  thus  that  the  fatty  acid  content  is  very  variable  from  one 
species  to  the  next  but  for  all  tissues  of  a  single  species  it  always 
fluctuates  about  a  constant  value. 

In  the  matter  of  cholesterol,  the  content  differs  very  greatly 
from  one  organ  to  anothei  in  the  same  species  but  is  rather  con¬ 
stant  for  a  given  organ  no  matter  what  the  species.  It  is  charac¬ 
teristic  of  the  organ  under  consideration.  The  ratio  cholesterol: 
fatty  acid,  or  the  lipocytic  coefficient,  is  characteristic  of  a  given 
species.  It  constitutes  a  cellular  constant.  There  exists  also  a 
mineral  constant.  Similarly  the  water  content  for  each  type  of 
tissue  always  fluctuates  about  the  same  value,  therefore  each  type 
of  tissue  in  a  species  possesses  a  constant  and  specific  content  of 
water  of  imbibition.  Water  is  thus  a  cellular  constant.  The 
research  of  Nicolle  and  Alilaire  brings  out  similar  results 
for  bacteria.  Thus  in  a  typhus  bacillus  there  is  found  85%  of 
water  whereas  in  an  anthrax  bacillus  there  is  only  75%. 

The  pH  value,  the  isoelectric  point  of  cytoplasmic  colloids,  and 
the  rH,  the  oxidation-reduction  potential  of  cytoplasm,  appear  also 


to  be  cellular  constants. 

Mayer  and  Schaeffer  have  shown,  furthermore,  that  there 
exists  for  each  type  of  cell  a  constant  ratio  in  the  proportions  of 
these  different  constants.  Thus  a  close  relationship  is  observed 
between  the  ratio  of  cholesterol:  fatty  acid,  or  lipocytic  coefficient, 
and  the  imbibition  of  water  by  cells,  the  higher  the  coefficient,  the 
more  water  imbibed  by  the  cells.  The  lipocytic  ratio  is  thus  an 

index  of  a  cellular  property.  .  . 

This  relation  between  lipocytic  coefficient  and  the  water  co 
tent  of  a  cell  is  explained  in  the  following  manner :  cholesterol,  as 
has  been  said  has  the  property  of  absorbing  a  rather  large  quan- 
tuv  of  water  by  imbibition:  The  combined  fatty  acids  on  the  con¬ 
trary  do  not  imb.be  water.  But  for  some  time  it  has  been  shown 
that  cholesterol  and  fatty  acid  compounds  are  soluble  one  in  the 
other  and  this  mixture  becomes  penetrable  to  water.  Thus,  the 
more  cholesterol  there  is  contained  in  a  protein  gel  or  coacervate, 

thCTher^)Wtcome^ofrtMs'researchl'is^that  the  cells  of  organism^do 
not  show  their  known  properties  to  the  same  degre  •  J1  p|  1  ; 

general  properties  which 

properties)  and  P™per,^eSThe  general  properties  depend  upon  con- 

—  fo?  each  cellular  type. 


Io„ic  reaction  of  cytoplasm:-  Unfortunately,  in  -P^omejrp™- 
tfliv"ng^l.rWdhSat. "needed1;  if  it  were  possible,  is  a  method  for 
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measuring  cells  which  have  not  been  injured,  for  the  very  delicate 
protoplasm  modifies  its  pH  the  moment  that  there  is  any  alteration 
in  the  cell.  Vl£s  has  insisted,  on  the  other  hand,  on  the  fact  that 
the  measurement  has  no  value  unless  during  the  entire  experimen 
the  cells  keep  their  normal  C02  pressure.  Now  the  altered  proto¬ 
plasm  in  contact  with  air,  unless  special  precautions  are  taken, 
loses  its  C02,  which  raises  its  pH,  and  it  is  difficult  in  the  extreme 
to  realize  ideal  conditions. 

Electrometric  methods  or  Clark  indicators  are  used  to  deter¬ 
mine  pH  values.  The  electrometric  method  has  been  used  on 
crushed  cells,  extracts  of  plant  juices,  and  finally  on  living  cells. 

Vles,  Reiss  and  Wellinger  have  advocated  a  technique  which 
consists  of  crushing  the  cells  after  instantaneous  freezing  and 
effecting  a  measurement  at  the  precise  moment  when  the  crushed 
mass  returns  to  the  cryoscopic  point.  In  this  way  all  escape  of 
C02  seems  to  be  avoided.  But  more  often  one  is  limited  to  meas¬ 
uring  the  pH  of  plant  juices  obtained  from  crushed  tissues  by  the 
electrometric  method,  sometimes  even  in  a  pressure  of  100  atmos¬ 
pheres  (Happen).  Another  method  consists  of  introducing  micro¬ 
electrodes  into  living  cells  (Crozier,  Ellis,  Peterfi,  Small)  but 
this  is  applicable  only  in  cases  of  large  cells.  This  method  likewise 
causes  injuries  to  the  cells  and  undoubtedly  brings  about  a  mixture 
of  cytoplasm  with  vacuolar  sap.  It  is  moreover  a  difficult  opera¬ 
tion  in  plant  cells  because  of  the  resistance  of  the  cellulose  walls. 

As  the  electrometric  method  is  extremely  delicate  and  necessi¬ 
tates  costly  apparatus,  the  method  most  used  is  the  Clark  indicator 
method.  This  presents  great  disadvantages,  for  the  point  of  color 
change  may  be  modified  by  the  presence  of  protein  matter  and  its 
products  of  disintegration,  such  as  the  amino  acids.  Thus  in  col¬ 
loidal  gels  the  color  change  is  aberrant  in  consequence  of  chemical 
reactions.  This  is  called  the  protein  error.  Other  causes  of  error 
result  from  the  fact  that  the  indicators  dissolved  in  the  lipides  are 
not  dissociated  and  that  then  their  color  does  not  correspond  to  any 
indicator.  This  causes  a  lipide  error.  The  point  of  color  change 
may  also  be  displaced  by  the  presence  of  a  strong  concentration  of 
neutral  salts :  the  salt  error.  It  may  also  be  changed  by  a  modifica¬ 
tion  in  the  concentration  of  the  indicator:  concentration  error. 
Finally,  the  indicators  do  not  penetrate  living  cells.  Vles  has  used 
the  method  of  crushing  cells  which  consists  of  producing  a  sudden 
yet  careful  pressure  on  cells  in  an  indicator  solution  between  cover 
slip  and  slide,  causing  a  break*  limited  to  the  cell  wall.  An 


Botanists,  however,  have  usually  been  limited  here  also  to  the 
Use  OI  indicators  eithpr  nn  imVoo  -p _ _  j.: _ 
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results  obtained  by  these  different  methods,  that  of  micro-injection 
excepted,  are  very  divergent  and  have  resulted  in  pH  values  rang¬ 
ing  from  3.4-5  to  7.8,  whereas,  according  to  VLfes  and  Reiss,  as 
well  as  according  to  Small,  the  pH  is  5. 1-6.2.  There  is  reason  to 
wonder  as  to  what  is  the  value  of  results  obtained  by  these  methods. 
First,  no  value  can  be  placed  on  results  obtained  from  plant  juices 
since  they  do  not  express  the  pH  of  living  protoplasm,  but  only 
inform  us  concerning  that  of  the  vacuolar  sap,  more  or  less  strongly 
modified  by  the  treatment.  One  can  not  deny,  furthermore,  that 
the  other  processes,  that  of  Vl£s  in  particular,  offer  great  disad¬ 
vantages  because  the  crushing  practiced  on  living  cells,  no  matter 
how  rapidly  executed,  does  cause  injuries  and  these  lead  rapidly  to 
the  death  of  the  protoplasm.  It  seems  evident  that  protoplasm  be¬ 
comes  acid  immediately  after  death. 

In  addition,  and  this  is  the  real  objection,  none  of  these  pro¬ 
cesses  allows  the  total  pH  value  of  the  protoplasm  to  be  obtained 
without  regard  to  the  parts  which  make  it  up.  Now,  among  these 
parts  the  vacuoles  must  be  considered.  As  will  be  seen,  they  give  a 
clearly  acid  reaction.  It  follows  that  the  results  obtained  have 
no  value,  for  they  are  only  the  pH  value  of  the  cytoplasm  and  vacu¬ 
oles  combined,  and  are  obtained,  usually,  after  the  death  of  the 


cells.  . 

More  precise  results  obtained  by  micro-injection,  with  the  aid  of 

Chamber’s  micromanipulator  and  Clark  indicators,  have  given  a  pH 
value  neighboring  on  neutrality:  about  7—  from  6.8-7.2  (D.  and  J. 
NEEDHAM,  Rapkine  and  Wurmser).  It  is  suspected,  moreover, 
that  micro-injection  itself  can  induce  disturbances  in  the  cell  and 
modify  the  reaction  of  protoplasm.  The  ideal  would  be  to  measu 
the  cellular  pH  by  means  of  vital  dyes.  Unfortunately  the  Clark 
indicators  do  not  ordinarily  penetrate  the  cells  and  are  all  of  them 
more  or  less  toxic. 


Cellular  rH:-  It  is  possible  to  measure  directly  the  cellular  rH  in 
accordance  with  the  oxidation  state  (colored)  or  reduction  stete 

WURMSER  and  Rapkine  in  ’  d  f  introducing  indi- 

has  the  disadvantage  of  injuring  the  cell appears  to 

cators  which  are  generally  toxic.  accumulate  almost 

be  the  best  method.  It  is  unfortunate  that  these^accum^^^  ^ 

entirely  in  the  vacuoles  and  gene  y  P  (;autiieret.  we  have  used 
ing  of  the  cytoplasm  -However ’  ^Saccharomyces  cerevmae, 
Janus  green.  In  yeasts,  paiticuia  y  ronidlv  reduced  there 

thto  dye  is  taken  up  by  form.  .If 

to  its  rose  derivative,  which  does  excreted  to  the  exterior 
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only  of  potassium  nitrates  (1%  at  pH  9),  the  rose  derivative  of 
Janus  green  will  stain  the  cytoplasm  of  yeasts  and  in  the  absence  of 
air  will  completely  lose  its  color.  It  is,  therefore,  reduced  to  its  leu- 
coderivative.  If  the  medium  is  aerated,  the  leucoderivative  is  oxi¬ 
dized  and  returns  to  its  rose  form.  This  reduction  from  the  rose  to 
the  leucoderivative  takes  place  at  rH  5.2.  This  limit  seems  to  be 
reached  at  the  end  of  a  long  time  and  under  experimental  condi¬ 
tions.  It  seems,  therefore,  to  be  the  lowest  obtainable  rH  value. 
The  method  is  a  safe  one  to  follow  as  yeasts  treated  in  this  man¬ 
ner  can  bud  in  a  very  active  way  after  having  excreted  the  dye. 
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The  plastids  (Fr.  plastes,  plastides,  leucites) It  has  been  known 
for  a  long  time  that  chlorophyll  is  found  localized  in  small  bodies 
which  were  first  observed  by  Meyen  (1828)  and  described  by  him 
under  the  name  of  chlorophyll  grains.  These  bodies  were  further 
studied  by  numerous  workers  on  the  cells  of  the  phanerogams, 
where  they  appear  scattered  in  the  cytoplasm  as  numerous  globular 
or  lenticular  bodies  measuring  from  6-10/t  in  diameter.  Nageli 
(1846)  first  noticed  that  they  multiplied  by  division.  Later,  von 

Mohl  (1838-1856),  and  then  Sachs  (1852),  es¬ 
tablished  the  fact  that  these  bodies  are  composed 
of  a  substratum  which  is  colorless,  insoluble  in 
alcohol,  protein  in  nature  and  which,  like  the  cyto¬ 
plasm,  stains  yellow  with  an  aqueous  solution  of 
iodine.  On  this  substratum  is  fixed  the  chloro¬ 
phyll  which  can  be  dissolved  in  alcohol,  leaving  be¬ 
hind  the  colorless  substratum,  von  Mohl  and 
Sachs  finally  proved  that  these  bodies  are  the 
seat  of  starch  formation.  In  experiments,  now 
classical,  Sachs  succeeded  in  showing  that  the 
starch  grains  which  are  formed  in  the  chlorophyll 
grains  are  the  direct  products  of  assimilation  in 
the  presence  of  chlorophyll.  These  bodies  were 
later  the  object  of  splendid  research  in  the 
phanerogams  by  Schimper  (1883)  and  Meyer 
(1883),  who  will  be  spoken  of  later.  These  bodies 
were  called  chloroplastids  (Schimper),  autoplasts 
(Meyer),  chloroleucites  (van  Tieghem)  or  chlo- 
roplasts  (Errera).  It  is  not  necessary  to  stress 
the  importance  of  these  bodies  which  are  the  cen¬ 
ter  of  the  formation  of  chlorophyll,  starch  grains 
and  many  other  products  and  which  play  an  essen¬ 
tial  role  in  photosynthesis. 

The  evolution  of  these  chlorophyll  bodies  in 
the  higher  plants,  the  pteridophytes  and  phanerogams,  remained 
obscure  for  a  long  time.  It  is  known,  indeed,  that  in  these  plants 
chlorophyll  is  not  generally  found  in  the  egg  or  in  embryonic  cells 
and  appears  only  in  the  course  of  cellular  differentiation  and  then 
only  in  tissues  exposed  to  the  light.  In  embryonic  tissue  and 
all  root  tissue,  chloroplasts  are  generally  not  .encountered, 
question  as  to  the  origin  of  these  bodies  was  raised  but  it  was  not 

possible  to  answer  it  until  very  much  later-  ,,  ,  f 

In  the  algae,  chlorophyll  is  always  contained  in  all  parts  oi 
the  thallus  and,  in  consequence,  chloroplasts  are  found  in  all  the 


Fio.  10.  —  Euglena 
viridis.  St,  stigma 
(eyespot).  FI,  flagel¬ 
lum.  Ch.  chloro¬ 
plasts.  P.  paramy- 
lum. 
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cells.  These  chloroplasts  sometimes  have  the  same  form  and  di¬ 
mensions  as  in  the  higher  plants,  but  often  these  organelles  are 
greatly  differentiated,  of  a  complex  structure  and  are  present  in 
the  cell  only  in  very  small  numbers.  Sometimes  there  is  only  one 
to  a  cell.  In  that  case  it  is  voluminous  and  generally  contains  small 
refractive  bodies  which  are  colorless,  rounded,  or  angular,  known 
as  pyrenoids  (Fig.  12).  At  the  surface  of  these  grow  the  starch 
grains  which  form  a  sort  of  crown  about  them.  Because  of  their 
complex  structures  the  chloroplasts  are  often  designated  by  a  spe¬ 
cial  name,  chromatophores,  but  we  shall  see  that  they  correspond 
to  the  small  chloroplasts  of  phanerogam  cells  (Fig.  10).  The  life 
history  of  these  chloroplasts  is  not  difficult  to  follow  and  Schmitz 
(1882)  showed  that  they  are  always  transmitted  from  cell  to  cell  by 
division,  quite  like  the  nucleus.  Stras- 
burger  was  even  able  to  follow  the  divi¬ 
sion  of  the  single  chloroplast  in  living 
Spirogyra  during  cell  division. 

The  chloroplasts  in  algae  and  bryo- 
phytes:-  The  study  of  the  plastids  will  be¬ 
gin  with  the  algae.  In  the  Cyanophyceae, 
which  are  the  most  primitive  of  the  known 
algae  and  whose  cellular  organization  dif¬ 
fers  from  that  of  the  others,  there  are  no 
chloroplasts.  Their  cells  contain  a  chro¬ 
matic  network,  the  central  body,  which 
occupies  the  greater  part  of  the  cell  and 
which  must  be  considered  as  a  primitive 
nucleus.  Surrounding  this  is  a  thin  pari¬ 
etal  zone  of  cytoplasm  which  contains 
chlorophyll  in  a  diffused  state  to  which  is 
added  a  blue  protein  pigment,  phycocya- 
nin,  and  sometimes  a  red  protein  pigment, 
phycoerythrin.  Some  authors  have  called 
this  parietal  layer  a  chromatophore  (Fischer,  Meyer)  but  this 
opinion  seems  difficult  to  justify,  since  the  parietal  zone  does  not  in 
the  least  resemble  a  chloroplast  and  encloses,  all  around  the  cen 
tral  body,  small  vacuoles  which  can  be  stained  in  living  tissue  with 

the  entire  cell  (Chattom'i  t  ^  a  ^ne  ne^W0I*k  and  occupying 

"f  rSiSSSi,  HZS 

c  „hlth  (h;  of  tfj> - 


Fio.  11.  —  Motile  cell  of 
Chlamydomonas  surrounded  by  a 
cell  wall  which  forms  a  beak 
between  the  flagella  at  the  an¬ 
terior  pole.  Stippled  region 
shows  chloroplast.  st,  stigma. 
P>  pyrenoid  surrounded  by  o, 
starch,  n,  nucleus,  v.p.,  pul¬ 
sating  vacuole  whose  role  is 
imperfectly  known.  (X  1650). 
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encountered  in  many  zoospores  of  the  Chlorophyceae.  In  the 
Diatomaceae,  a  group  often  considered  as  closely  related  to  the 
flagellated  algae,  there  are  a  small  number  of  large,  plate-like 
chloroplasts,  often  only  two,  occupying  a  marginal  region  of  the 
cell. 

In  the  Chlorophyceae,  the  chloroplasts  appear  as  large  organ¬ 
elles  of  rather  complex  structure.  In  the  Ulothricales,  for  ex¬ 
ample,  there  is  only  one  chloroplast  per  cell  ( Ulothrix ,  Drapamal- 
dia)  in  the  shape  of  a  deeply  dentate  ring  girdling  the  elongated 
cask-shaped  cell  near  its  middle.  In  the  Siphonales  and  the  Siphono- 
cladiales,  the  chloroplasts  are  variously  disposed  and  appear  in 
many  different  shapes.  There  may  be  one  single  chloroplast  per 
chamber  or  cell,  distributed  throughout  the  cytoplasm  in  the  shape 
of  a  network  whose  numerous  swellings  are  occupied  by  pyren- 
oids  (Cladophora) ,  whereas  in  algae,  such  as  Acetabularia, 


the  sections  enclose  numerous  chloroplasts  of  irregular  con¬ 
tours  each  chloroplast  carrying  several  grains  of  carotin  but 
havhi’e  anv  pyrenoids  and  starch  grains  (Mangenot  and  Nardi). 
In  Vaucheria,  the  chloroplasts,  distributed  in  g^atnumbersmthe 
tubular  thallus  and  never  enclosing  starch,  are  bodies  of  the  dimen 
ion  and  form  of  those  found  in  the  phanero®»jn .  They  * ire  also 
small  in  Caulerpa  and  Derbesm  which  ^though  lacking  py 
oids  seem  often  to  elaborate  starch  by  a  rather  strange  an 
imperfectly  known  process  (Ernst,  CziimDA).  plex  form 

In  the  Conjugatae,  the  chloroplasts  are  of  a  very  comp  a 

to  which  particular  attention  must  be  called  Ther«  jn  Cos. 
few  or  even  only  a  single  one  present  n  each  cell.^  ^  ^ 

marium  and  Zygnema  there i  ar  radiate  from  a  py- 

shaped  chloroplasts  whose  long  delicate  a  {or  example, 

renoid  situated  in  the  center.  ^  others,  Moug  ^  ch]oroplast  of 

the  single  chloroplast  is  a  large  sm^thj^  ^  g  wi(Jth  of  more 

M.  laetevirens  may  attain  a  le  gt 
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than  40/*.  Each  cell  of  Spirogyra  contains  one  or  more  chloro- 
plasts.  Each  is  ribbon-shaped  with  slashed  edges,  rolled  into  a 
spiral  by  more  or  less  tight  turns  and  contains  numerous  pyrenoids 
lined  up  along  its  median  region.  Closterium  contains  several 
large  chloroplasts  analogous  to  those  of  the  Diatomaceae.  They  are 
plate-shaped  and  occupy  the  marginal  region  of  the  cell. 

In  the  brown  algae  or  Phaeophyceae  the  chlorophyll  is  always 
associated  in  the  chloroplasts  with  a  brown  pigment  of  the  carotin- 
oid  group,  fucoxanthin.  Because  of  this  pigment  which  masks  the 
chlorophyll,  the  chloroplasts  are  often  called  phaeoplasts.  Among 
these  algae,  the  Fucales  ( Fucus ,  Pelvetia ,  Cystosira )  enclose 
chlorophyll  in  all  parts  of  the  plant  except  in  the  antherozoids.  The 
phaeoplasts  appear  in  all  the  cells  as  numerous  bodies  somewhat 
analogous  to  those  in  the  phanerogams.  Chlorophyll  is,  however, 
formed  only  in  very  small  quantities  in  the  apical  cell  and  in  the 
oosphere  where  the  spindle-shaped  chloroplasts  are  very  small. 
In  the  antheridium,  the  phaeoplasts  lose  their  chlorophyll  which 
is  replaced  by  a  crystal  of  carotin1  and  distribute  themselves  among 
the  antherozoids  in  such  a  way  that  each  of  these  encloses  a  single 
plastid,  lacking  chlorophyll,  but  containing  instead  a  carotinoid 
pigment. 

In  the  Laminariales,  the  phaeoplasts  are  encountered  in  all 
cells  equally  and  exist  in  the  zoosporangia.  Each  zoospore  con¬ 
tains  a  typical  small  phaeoplast  possessing  a  carotin  crystal. 

The  red  algae  or  Rhodophyceae,  form  in  their  chloroplasts,  in 
addition  to  chlorophyll,  a  red  protein  pigment,  phycoerythrin.  This 
is  present  in  such  abundance  in  most  species  that  it  masks  the 
chlorophyll.  The  chloroplasts  then  are  red  in  color  and  are  called 
rhodoplasts.  In  the  Rhodophyceae,  there  are  grouped  together 
organisms  of  very  different  structure:  the  lower  Rhodophyceae, 
the  Bangiales,  possess  an  extremely  simple  thallus  composed  of  one 
type  of  cell.  The  more  evolved  Rhodophyceae,  the  Rhodymeniaceae, 
the  Delesseriaceae,  on  the  contrary,  possess  a  complex  vegetative 

structure  with  differentiated  tissues  —  meristem,  assimilating,  and 
conducting  tissue. 

o^InihDe,B"ng,ialeS  and  ®ome  Nemalionaceae,  such  as  Chantran- 
sia  and  Rhodochorton,  which  are  very  primitive  red  algae,  the  cells 

A“S!.  F  ‘""I  Confam  ®ach  a  rhodoplast  of  characteristic  form 
(  gular  disc  or  star-shaped,  ribbon-shaped,  etc.),  varying  with  the 

thPemforendinPt°hVeled,With  l  Th*  ^ophX^ratus! 

tnerelore,  in  these  algae  shows  the  characteristics  of  that  in  the 

infenor  algae  (Chlorophyceae) .  In  other  Rhodophyceae  the  shine 

Of  the  rhodoplasts  is  closely  connected  with  the  v^ious  parts  of 


most  flaUa™  alga^an^iif^h^amtheroz^ids^^f  1°^  t*  ^  ^ 

sometimes  as  is  the  case  for  the  antherozoiS  of  f  "  ^  The  stigma  arises 

ch  orophyll  and  elaborates  carotin;  but  it  also  oft ?'  v  °m  a  plastid  which  loses  its 
ch  oroBi.,,  the  whsre  a.  «u  ctLS  lrTn.  ,  '  *  d“*™nti„ed  Portion  of  ,h“ 

chloroplast,  as  in  the  Euglenas  This  ",  y  °”e  ,arge  chloroplast  or  a  specialized 

seems  to  der  the  eelf  LnsUiv^to  S  anS^he  * '$**'* -*'*  in  ^  ThTSSS 

neatest  or  least  light  intensity  (positive  or  negative  photoLuc  ^spo^seK  dir6Cti°n  °f 
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the  vegetative  structure,  varying  according  to  the  cells  in  which 
they  are  found.  They  are  irregular,  or  angular,  disc-shaped  bodies 
or  twisted  ribbons.  Moreover,  chlorophyll  is  lacking  in  the  rhizoids 
and  sexual  organs. 

In  the  Charophytes  there  is  little  chlorophyll  in  the  apical  cell 
and  small  ovoid  chloroplasts  are  often  found  there  containing  a 
large  number  of  starch  grains.  In  this  group  also,  chlorophyll  is 
lacking  in  the  egg  and  in  the  antherozoids. 

In  the  bryophytes,  the  chloroplasts  are  numerous  and  similar 
to  those  of  the  phanerogams.  Yet  in  Anthoceros  there  is  only  one 
crescent-shaped  chloroplast  per  cell,  situated  near  the  nucleus.  It 
is  transmitted  by  division  from  cell  to  cell. 

It  is  therefore  clearly  proved  by  the  study  of  algae  such  as  the 
Conjugatae  where  the  chloroplasts  are  present  in  all  cells,  are 
voluminous,  and  number  only  one  or  two  per  cell,  that  these  organ¬ 
elles  are  transmitted  from  cell  to  cell  beginning  with  the  egg. 
However,  their  behavior  during  fertilization  is  not  yet  very  clear, 

for  it  is  very  difficult  to  observe  them  in  the 
zygote.  In  the  Desmidiales  ( Closterium  and 
Cosmarium) ,  in  w’hich  the  cells  contain  two 
chloroplasts,  Klebahn  has  stated  that  they  fuse 
two  by  two  in  the  zygote.  Nevertheless,  it  is 
difficult  to  accept  this  supposed  fusion,  for  it 
has  never  been  observed  in  other  cases.  In 
another  Desmid,  Hyalotheca  dissiliens,  in 
which  the  cells  have  only  one  chloroplast,  it 
seems  well  established  by  the  recent  work  of 
Potthoff  that  one  of  the  two  chloroplasts,  de¬ 
rived  from  each  of  the  gametes  brought  to¬ 
gether  in  the  zygote,  begins  to  degenerate  and 
disappears  very  rapidly.  This  is  likewise  re¬ 
ported  for  other  Conjugatae.  In  Zygnema,  for 
example,  where  there  are  two  chloroplasts  in 
each  cell  four  are  found  in  the  zygote  (P.  A.  Dangeard  and  Kurs- 
SANOW)  and  it  seems  well  established  by  the  work  of  KURSSA 
on  Zygnema  stellinum  that  the  two  chloroplasts  carried  by  the 
male  gamete  soon  degenerate.  This  is  also  report®d,T°aPE) 
aura  crassa  (Chmielevsky)  ,  S.  longata  and  S.  neglecta  (Tr  )  • 
In  The  Conjugatae  the  chloroplasts  of  the  new  individua.  would 
thpn  have  an  exclusively  maternal  origin.  In  some  algae,  no 

their  interior  to  form  two  gametes  eac  .  -.i  uaif 

he  single  chloroplast  divides  to  furnish  each  gamete  with  haK 
a  chloroplast  possessing  a  single  P^en-djecause^ntte^ygote 

with  tW°  Pyren°idS 

(Klebahn). 


Fig.  13.  —  A,  Dividing 
chloroplasts  in  leaf  cells 
of  Elodea  canadensis.  B, 
Final  stages  in  division 
of  one  chloroplast. 
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The  chloroplasts  in  vascular  plants:  theory  of  Schimper:-  In 
vascular  plants,  pteridophytes  and  phanerogams,  as  has  been  said, 
chlorophyll  is  not  present  in  embryonic  cells  and  is  formed  only  in 
organs  exposed  to  light  as  the  cells  of  the  organs  differentiate. 
Chloroplasts  are  therefore  found  only  in  green  tissue.  The  question 
as  to  the  origin  of  chloroplasts  remained  a  long  time  unsolved.  The 
older  botanists  concluded  that  these  bodies  were  formed  by  differ¬ 
entiation  from  the  cytoplasm  or  that  they  were  the  result  of  the 
transformation  of  starch  grains.  Schimper  (1881-1885)  showed 
for  the  first  time  that  the  chloroplasts  are  derived  in  reality  from 
small  colorless  bodies,  protein  in  nature,  which  are  found  in  all 
the  colorless  tissues  of  plants.  To  these  bodies  he  gave  the  name 
leucoplastids.  These  were  later  called  trophoplasts  (Meyer)  and 
leucoleucites  (van  Tieghem).  We  shall  call  them  leucoplasts h 
These  are  very  small,  rounded, 
or  rod-shaped  elements  which 
are  found  scattered  in  great 
numbers  in  the  cytoplasm  and 
which  are  transmitted  from  cell 
to  cell  by  division.  All  these 
leucoplasts  have  the  ability  to 
form  starch  grains,  i.e.,  to  con¬ 
dense  in  the  form  of  starch,  the 
hexoses  elaborated  in  green  tis¬ 
sue  during  photosynthesis  and 
later  transported  to  colorless 
tissues  (roots,  tubercles,  etc.). 

Whenever  the  hexoses  accumu¬ 
late  in  green  tissues  in  too  high 
concentrations,  the  leucoplasts 
become  amyloplasts. 

One  of  the  classic  examples 
of  this  formation  of  starch 
through  the  agency  of  the  leuco¬ 
plasts  is  to  be  found  in  the  root 
of  Phajus  grancLifolius  in  which 
Schimper  succeeded  in  following  the  entire  process.  In  this  root, 
the  leucoplasts  are  indeed  rather  large,  rod-  or  spindle-shaped, 
bodies  enclosing  each  along  its  axis  a  needle-shaped  crystalloid  of 
protein  the  product  of  its  elaboration.  The  starch  grain  arises  in 
a  penpherai  region  of  the  thicker  part  of  the  leucoplast.  Minute 

gram  grows  and  very  quickly  protrudes  beyond  the 
plastid  which  it  no  longer  covers  except  on  one  side. 

•  ,L«asts  develop  in  various  ways  depending  on  the  organs 

vhich  they  are  found.  Ih  leaves,  they  have  only  to  grow  larger 

the  hitte r* 'comp  riTi  ng^ 'the1  fcucoplasta^'a  ruT  (ch,0r0^>  and  the  trophoplasts. 

of  plastid  or  plast  by  that  T*”  TlEGHEM  replaCes  the 

leucites  (chloroplasts).  and  the  cfcromoiewitesTeh^JJnl  le^leu^ea  leucoplasts) ,  the  chloro- 

”  ,h“"  di“to£'“*h  th'  "“OP1..U,  chAmoplT.UU  b°d!') 


Fig.  14.  —  Chloroplasts  containing 
protein  crystalloids  from  fruit  cells.  1. 
Maxillaria  triangularis.  2,  3.  Cerinthe 
minor.  4,  Phajus  grandifolius.  (After 
Schimper)  . 
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and  become  green  to  be  transformed  into  chloroplasts  (called 
chloroplastids  by  Schimper).  In  flowers  and  fruits,  Schimper 
has  show  n  that  the  carotinoids,  xanthophyll  and  carotin,  always 
form  in  plastids  wrhich  he  calls  chromoplastids  but  which  we  shall 
call  chromoplasts.  These  may  either  form  directly  by  transforma¬ 
tion  of  small  leucoplasts,  wrhich  may  or  may  not  have  previously 
formed  starch,  or  they  may,  in  other  cases,  arise  by  a  metamorpho¬ 
sis  of  chloroplasts  whose  chlorophyll  disappears  and  is  then  re¬ 
placed  by  a  carotinoid.  Pigment  may  appear  in  the  chromoplast 
either  in  the  amorphous  or  in  the  crystalline  state.  In  the  former, 
wrhich  is  always  the  case  when  the  pigment  is  xanthophyll,  the 
chromoplasts  affect  the  same  globular  or  lenticular  form  as  the 
chloroplasts.  In  the  crystalline  state,  which  is  frequently  the  case 
wrhen  the  pigment  is  carotin,  the  crystals  are  contained  in  variable 
number  in  the  chromoplasts,  and  usually  take  the  form  of  needles 


Fio.  16.  —  Inclusions  of  the  plastids.  1,  chloro¬ 
plasts  in  epidermal  cells  of  Hedera  leaves.  2,  chlo¬ 
roplasts  in  palisade  parenchyma  of  leaves  of  Achy- 
ranthes  Verschaffelti.  3.  leucoplasts  in  young  buds 
of  Canna  Warszewickzii.  A ,  starch;  C,  protein  crys¬ 
talloids.  4,  chromoplasts  in  the  flower  of  Neottia 
Nidus-avis.  C,  carotinoid  crystal;  P,‘  protein  crys¬ 
talloid.  (After  Schimper). 


delicately  curved  in  hooks,  spirals  or  slender  rods.  Sometimes  they 
appear  as  triangular  or  rectangular  tables,  hollow  tubes,  or  spira 
ribbons.  They  are  all  rhomboidal  prisms.  The  crystals  are  ar¬ 
ranged  in  parallel  or  divergent  bundles  in  the  chromoplast  which, 
following  the  contours  of  the  crystal,  takes  on  most  varied  aspects : 
rods,  spindles,  triangles.  In  some  cases,  as  in  the  carrot  root  the 
crystals,  when  once  formed,  have  worn  out  the  greater  part  of  the 
substance  of  the  chromoplast  which  made  them,  and  appear  eith .  . 
free  in  the  cytoplasm  or  simply  surrounded  by  a  very  thin  a 
barely  perceptible  plastidial  envelope.  In  other  cases,  there  may 
be  formed  in  chromoplasts  not  enclosing  crystall^ 
eral  needle-shaped  crystalloids  of  protein  which  bring  about  an 
elongation  of  the  plastid  and  give  to  it  the  shape  of  a  spindle  or 
rod  It  even  happens  that  chloroplasts  contain  both  P^ent^‘- 
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ties  in  the  shape  of  a  tenuous  appendag  .  (  £ 
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All  these  organelles  -  leucoplasts,  chloroplasts,  chromoplasts  - 
belong  therefore  to  the  same  category  of  elements  to  which  Schim- 
PER  gave  the  general  term  plastids  which  we  shall  replace  here  by 
that  of  plast  (Fr.  plastes)1.  They  have  multiple  potentialities, 
manifestations  of  which  vary  with  the  organ  in  which  the  plastids 
are  found.  They  may  remain  in  the  state  of  leucoplasts  and  have 
as  their  only  function  the  condensation  of  hexoses  into  starch, 
playing  the  role  of  amyloplasts ;  or  else  they  may  be  transformed 
into  chloroplasts  or  chromoplasts ;  or  from  chloroplasts  they  may 
be  changed  into  chromoplasts.  They  all  have 
the  ability  to  elaborate  starch  and  to  produce 
protein  crystalloids  within  themselves  in  the 
manner  already  described  for  leucoplasts  of 
the  root  of  Phajus  grandifolius  and  for  the 
chromoplasts  of  the  fruit  of  Lonicera  Xylos- 
teum.  Thus  chloroplasts  of  Cerinthe  minor 
are  traversed  by  a  needle-shaped  crystalloid 
of  protein  which  is  prolonged  freely  at  its 
two  extremities. 

Schimper  considers  that  starch  can  not 
arise  directly  in  the  cytoplasm  but  is  always 
the  product  of  plastidial  activity.  He  de¬ 
scribes  in  all  details  the  process  of  starch 
formation  through  the  agency  of  the  plas¬ 
tids  whether  they  be  leucoplasts  or  chloro¬ 
plasts.  Let  us  recall  that  starch  grains  grow 
by  apposition  and  are  made  up  of  a  dark 
hilum  surrounded  by  alternately  light  and 
dark  layers.  The  hilum  is  the  portion  first 
formed  and  the  alternate  layers  correspond 
to  zones  of  different  water  content  which  are 
developed  about  the  hilum  during  the  growth 
of  the  starch  grains.  The  hilum  may  occupy 
the  center  of  the  grain  (central  hilum)  and 
is  then  surrounded  by  regular  concentric  lay- 
ers  or  it  may  be  situated  at  one  of  the  poles 
ot  the  gram  whose  concentric  layers  widen 
and  become  more  and  more  numerous  at  the 

~lLP°^iTentriC  Mum)-  There  are  simPle  starch  grains, 

sSSSs?  ~  'ffi 

abouUhe" hnrumUanIrim  gr°WS’  f°ming  ^eonoInlric^Sers 
«ich  grows  thinner  t 

^Translator’s  note  Thp  FV  k 

one  word  plastid.  so  'that  this  dTsUnS  and  pastes  are  rendered  in  English  by  the 

“  ">mp<'“"<1  ■”h  “  net”  »t.“  •n;te 'P1,st''  '* 
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Fig.  16.  —  Transforma¬ 
tions  of  chloroplasts  in  meso- 
phyll  cells  of  petals.  A, 
LUium  tigrinum.  1,  caro¬ 
tin  granules  at  the  periphery 
of  green  plastids:  2.  starch 
grains  in  plastids  whose 
chlorophyll  has  disappeared r 
3.  completely  formed  chromo¬ 
plasts  whose  starch  has  been 
absorbed.  B,  Gladiolus  var. 
1-3,  chloroplasts  with  large 
starch  grains;  4-7,  xantho- 
phyll  replaces  chlorophyll, 
starch  is  absorbed,  carotin 
granules  appear;  8-13,  caro¬ 
tin  crystals  appear. 
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ith  eccentric  hilum,  on  the  contrary,  arises  at  a  point  near  the 
penp  cry  °f  the  plastid  and,  in  this  case,  by  enlarging,  soon  pro¬ 
jects  beyond  the  plastid,  which  no  longer  covers  it  except  at  one  of 
its  poles  where  it  takes  the  form  of  a  cap.  The  hilum  surrounded 
by  the  earliest  formed  layers  is  then  found  at  the  extremity  of  the 
gram  opposite  the  plastidial  cap.  The  grain,  no  longer  coming 
under  the  influence  of  the  plastid  in  that  region,  ceases  to  grow 
and  enlargement  no  longer  takes  place  except  at  the  point  of  con¬ 
tact  with  the  plastid,  i.e.,  at  the  pole  opposite  the  hilum.  There 
the  concentric  layers  become  increasingly  numerous  and  thick. 
The  compound  grain  arises  by  a  plastid  forming  several  starch 
grains  inside  itself,  instead  of  only  one.  These  are  in  contact  with 
one  another  and  remain  small.  They  are  semi-compound  grains 
if  they  become  surrounded  by  common  concentric  layers. 

On  the  basis  of  all  his  investi¬ 
gations,  as  well  as  those  of 
Schmitz  on  the  algae,  Schimper 
was  led  to  consider  the  plastids 
as  component  parts  of  the  cell, 
incapable  of  arising  de  novo,  be¬ 
ing  transmitted  by  division  from 
cell  to  cell  beginning  with  the 
egg,  so  that  plastids  of  higher 
plants,  according  to  him,  are  com¬ 
parable  to  the  chloroplasts  which 
are  encountered  permanently  in 
many  algae,  but  with  this  differ¬ 
ence  :  in  the  algae  the  plastids  al¬ 
ways  keep  their  chlorophyll  and 
remain  as  green  plastids,  while  in 
higher  plants  they  appear  first  as 
leucoplasts  and  do  not  become 
chloroplasts  except  in  stem  and 

leaf  tissue. 

Arthur  Meyer  (1883)  working  at  the  same  time,  confirmed 
the  theory  of  Schimper  which  was  verified  also  as  far  as  the 
chromoplasts  are  concerned  by  Courchet  (1888). 

It  is  fitting  to  call  attention  to  the  observation  that  the  plas¬ 
tids,  at  the  same  time  that  they  are  elaborating  starch  and  pig¬ 
ments,  are  capable  of  producing  inside  themselves  small  re¬ 
fracting  granules  which  reduce  osmic  acid  (Fig.  18).  To  these, 
which  are  sometimes  very  numerous,  a  lipide  constitution  has  been 
attributed.  These  granules  were  described  long  ago  by  Nageli, 
Godlewski,  Schimper,  Meyer.  They  have  been  the  object  of 
more  recent  research  by  Meyer  who  has  opposed  the  idea  of  their 
lipide  nature  and  considers  them  to  be  composed  of  a-(3  hexylene- 
aldehyde,  a  waste  product  of  photosynthetic  assimilation  found  in 
the  products  of  the  distillation  of  the  leaves.  Meyer  calls  these 
formations  elaborated  by  the  plastids  Autoplastensekret.  We  shall 
see,  nevertheless,  that  this  interpretation  has  not  been  confirmed 


plasts  derived  from  chloroplasts  in  the  meso- 
carp  of  the  fruit  of  Rosa  canina  ( in  vivo). 
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and  that  these  granules  present  the  histochemical  characteris¬ 
tics  of  lipides  and  not  those  of  aldehydes  ( Cf .  p.  209). 

Just  what  these  granules  signify  is  still  very  obscure.  In 
cells  in  which  the  plastids  never  form  starch,  the  granules  are 
often  considered  as  assimilation  products  replacing  starch.  It  has 
been  noticed,  sometimes,  that  these  granules  appear  in  large 
numbers  during  the  period  preceding  the  formation  of  starch  and 
of  chlorophyll  and  carotinoid  pigments,  only  to  disappear  as  soon 
as  these  products  have  been  formed.  It  was  therefore  thought 
that  they  might  be  an  intermediate  product  contributing  to  the 
formation  of  starch  or  pigment.  It  has  also  been  shown  that  very 
frequently  similar  granules  appear  in  great  numbers  in  plas¬ 
tids  as  they  degenerate  in  the  cells  of  flowers  which  are  beginning 
to  take  form.  In  this  case,  the  presence  of  the  granules  can 
only  be  explained  as  a  breaking  down  of  the  plas- 
tidial  lipoprotein  complex,  i.e.,  as  a  process  called 
lipophanerosis  (demasking  of  lipides.  Cf.  p.  203, 

205). 

Finally,  large  globules  have  recently  been  de¬ 
scribed  in  the  plastids  of  various  Cactaceae 
( Cephalocereus ,  Echinocereus,  etc.).  They  pre¬ 
sent  the  histochemical  characteristics  of  phyto¬ 
sterol  and  form  in  the  plastid  exactly  as  do 
starch  grains.  These  globules  always  precede 
starch  formation  and  disappear  the  moment  that 
starch  appears.  It  was  therefore  supposed  by 
those  who  did  the  work  that  these  globules  of 
phytosterol  constituted  a  material  which  served 
in  the  building  up  of  starch  (Savelli,  Miss 
Manuel)  (Fig.  19). 

For  a  very  long  time  it  was  impossible  to  obtain  paraffin  sec¬ 
tions  of  preserved  and  stained  plastids,  at  least  of  leucoplasts, 
for  they  were  destroyed  by  all  fixatives  then  used,  and  only  the 
resistant  chloroplasts  were  obtained.  Schimper's  and 
Meyers  observations  were  therefore  made  exclusively  from  very 
well  executed  studies  of  living  material.  These  observation™  were 

nf»SdT!  yrnC°mP  6ue  f°r  rt  1S  absolute>y  impossible  to  distinguish 
plashds  in  living  embryonic  cells  and  until  the  present  writing  they 

have  been  seen  only  with  the  very  greatest  difficulty  in  colorless 

as  the  root,  and  then  only  in  favorable 

starch  format, on'^rfb^f'frthe  moTpTrt  Z  ^  °f 

ticularlv  favorahlp  w  cf,  i  orvtne  most  part  on  examples  par- 

»«,,  m  .hid,  ,h«  iMcnpli, 
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Fig.  18.  —  Epider¬ 
mal  cell  in  a  petal  of 
Iris  belgica  with  lip- 
ide  granules  in  the 
chloroplasts. 
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leucoplaste  in  living  cells  and  asserted  that  starch  arises  most 
often  within  the  cytoplasm  itself  and  that  chloroplasts  form  by 
cytoplasmic  differentiation.  The  development  of  the  plastids  was 
very  imperfectly  known  and  even  the  most  characteristic  forms 
which  the  plastids  take  on  were  not  known.  Progress  in  this 
matter  was  not  marked  until  much  later,  from  1910  on,  when  re¬ 
search  was  carried  out  with  so-called  mitochondrial  technique 
which  makes  possible  the  preservation  of  unaltered  plastids,  clearly 
stained  on  paraffin  sections.  This  will  be  taken  up  later.  These 
methods  have  made  it  possible  to  follow  with  the  greatest  precision 
the  entire  life  history  of  the  plastids  during  cellular  development; 
to  bring  out  different  aspects  which  up  to  then  had  not  been  per¬ 
ceived  ;  and  to  make  important  discoveries  which  have  confirmed 
the  ideas  of  Schimper  and  Meyer  by  completing  them  and  giving 
them  precision. 


o  CP 
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Fio.  19.  —  Chloro¬ 
plasts  in  a  parenchy¬ 
matous  cell  of  Echi - 
nocereua  procumbent 
showing:  largre  inclu¬ 
sions  of  phytosterol. 
(After  Miss  Mano- 
Bl). 


Chemical  nature  and  structure  of  plastids 
Plastids  for  a  long  time  were  thought  to  be  ex¬ 
clusively  protein  in  nature.  It  was  however  be¬ 
lieved,  without  anyone  being  able  to  furnish  proof 
for  it,  that  plastids  must  enclose  a  lipide  sub¬ 
stance,  probably  lecithin,  in  which  the  chlorophyll 
was  supposed  to  be  dissolved.  Gautier,  Hoppe- 
Seyler  and  Stoklasa  even  formulated  the  hy¬ 
pothesis  that  chlorophyll  is  a  chlorolecithin.  The 
presence  of  lipides  in  chloroplasts  is  not  ques¬ 
tioned  today  and  Menke,  chiefly,  seems  to  have 
furnished  a  proof  of  it.  Granick,  by  triturating 
and  then  centrifuging  tobacco  and  tomato  leaves, 
was  able  to  isolate  a  certain  quantity  of  chloro¬ 
plasts  and  to  obtain  their  microchemical  analysis. 
Granick  thus  managed  to  separate  proteins  from 
lipides.  Recent  work,  which  will  be  discussed 
later,  has  shown  by  histochemical  reactions  that  in  reality  all  plas¬ 
tids,  like  the  cytoplasm,  are  composed  of  lipoproteins  in  which, 
however,  the  lipides  (compound  lipides,  probably  lecithins)  are 
much  richer  than  in  the  cytoplasm  and  give  to  the  plastids  their 

color  characteristics.  . 

The  importance  of  the  plastids  in  photosynthetic  assimilation 

has  led  authors  for  a  long  time  to  attribute  a  structure  to  these 
organelles.  The  leucoplasts  appear  homogeneous  and  the  chloro¬ 
plasts,  and  chromoplasts  especially,  have  been  studied  from  this 

point  of  view.  ,  „  ..  ,  . 

Let  us  recall  that  these  organelles  are  formed  of  a  lipoprotein 

substratum  on  which  the  chlorophyll  is  fixed  (chlorophyll  a  and 
6),  accompanied  by  a  small  quantity  of  carotinoid  pigments  (caro- 

tm  Pringsheim!  TSCHIRCH,  and  Chodat  held  that  the  ch'°™P'“‘® 
consist  of  a  spongy  material  impregnated  with  a  fluid  substance  o 
roily  consistency" (lipochlorine  of  Pr.ngshE.m)  serving  as  a  sub- 
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stratum  for  the  pigments.  Schmitz  attributed  a  fibrillar  structure 
to  algal  chloroplasts  and  Schwarz  considered  the  chloroplasts  ot 
higher  plants  to  be  composed  of  two  substances,  the  one,  chloro- 
plastin,  formed  of  basic  filaments,  lying  closely  together,  containing 
chlorophyll  grains,  and  the  other  a  colorless  substance,  metaxin, 
interposed  among  the  filaments. 

Schimper  and  Meyer  held  that  chlorophyll  in  chloroplasts  was 
found  as  inclusions,  the  grana,  so  small  as  to  border  on  the  limits 
of  visibility.  These  grana  they  found  to  be  very  numerous  and 
difficult  to  distinguish,  giving  the  impression  that  the  pigment  is 
found  in  a  diffuse  state  in  the  plastidial  substratum.  According  to 
these  two  investigators,  xanthophyll  is  distributed  in  the  same  way 
in  chromoplasts  and  only  carotin,  when  it  is  not  in  a  crystalline 
state,  exists  in  the  form  of  clearly  differentiated  grana. 

Various  arguments  of  a  theoretical  nature  next  led  physiologists 
to  think  that  the  chloroplasts  must  have  a  homogeneous  structure. 
A  comparative  study  of  the  spectra  of  a  chlorophyll  solution  and 
of  a  living  green  leaf  show,  indeed,  that  the  absorption  bands  do 
not  occupy  the  same  positions  in  the  two  cases,  and  that  those  for 
the  living  leaf  coincide  with  those  shown  for  a  colloidal  solution  of 
chlorophyll.  It  is  known  that  solutions  of  chlorophyll  break  down 
rapidly  in  light  in  the  presence  of  oxygen.  There  is  then  an 
oxidation  of  chlorophyll.  In  the  chloroplast,  on  the  contrary,  the 
chlorophyll  manifests  a  great  stability  which  could  only  be  shown 
by  a  colloidal  solution  of  chlorophyll  united  to  other  colorless  col¬ 
loids.  Certain  facts,  furthermore,  lead  to  the  supposition  that 
chlorophyll  may  be  combined  in  the  plastidial  substratum  either 
with  proteins  or  with  lipides.  Hence  it  has  been  thought  that 
chlorophyll  must  be  uniformly  distributed  throughout  the  entire 
mass  of  the  chloroplast  and  that  the  latter  is  constituted  of  a 
hydrogel  formed  of  various  colloids,  some  colorless,  others  colored  - 
(  Siebold ) ,  or  formed  of  colloids  containing  chlorophyll  chemically 
combined  with  colorless  colloids.  According  to  Ponomarew  Le- 
peschkin  and  Kuster,  the  gel  of  the  chloroplast  is  in  a  semi-fluid 
state  and  the  variations  of  form  undergone  by  this  organelle  may 
a  t;00  ™eak  tension  between  the  cytoplasm  and  the 
vlr  Investlgatlons  of  Price,  Scarth,  Lapicque,  Guillier- 
thonahand  Mf NGEN0.T  have  shown,  moreover,  that  chloroplasts,  al- 
strnr5nrSOmetimfS  glVmg  the  lmPressi°n  in  direct  light  of  having 
and  are  ^fre  ayS  ?ptically  emPty  ™der  the  ultramicroscop? 

Contours  Tm!11  ff  Pt  f°r  their  color  and  their  faintly  luminous 
contours.  This  confirms  the  opinion  stated  above.  Finally,  mito- 


“ei ***  best  conserves 

absolute  v>  Pldes  insolukle,  always  reveals  these  organelles  as 

lipides^dngo^t  aeh?fUS’  WhUe  th°Se  techni(lues  which  dissolve 

“ure  which  may  be  supposed 

the  MnwS61 tLTt?°glCial  W(Tk’  however>  w°uld  tend  to  prove  on 
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pierced  by  colorless  pores,  encircling  a  central  vacuole  which,  when 
visible,  contains  starch.  The  plastid  is  coated  by  an  adsorbed  layer 
of  cytoplasm.  Zirkle  thinks  starch  is  formed  in  the  vacuole  of 
these  chloroplasts.  Living  chloroplasts,  however,  are  very  delicate 
organelles  and  one  runs  the  risk  of  some  alteration  taking  place 
during  observation,  so  that  it  is  wise  to  be  very  cautious  in  the 
acceptance  of  this  structure  which  has  never  received  any  con¬ 
firmation. 


More  interesting  is  the  later  work  of  numerous  authors  whose 
results  are  in  agreement  and  will  be  briefly  analyzed  here.  In  the 
first  place  the  works  of  Menke,  Kuster,  Heitz,  and  Friedl  Weber 
have  shown  that  chloroplasts  are  clearly  birefringent.  This  is 
particularly  easy  to  demonstrate  in  the  chloroplasts  of  the  Con- 
jugatae  ( Mougeotia ,  Zygnema,  Closterium,  Spirogyra) .  In  polar¬ 
ized  light  the  chloroplasts  are  luminous  and  show  a  green  polariza¬ 
tion  color.  Menke  found  that  in  the  chloroplasts  of  the  Diatoma- 
ceae,  the  polarization  colors  vary  from  reddish  brown  to  red.  Ac¬ 
cording  to  Weber,  reddish  brown  to  red  polarization  colors  are  not 
peculiar  to  the  chloroplasts  of  the  algae  (diatoms,  Spirogyra,  Zyg¬ 
nema,  Vaucheria)  but  are  also  found,  together  with  green  polariza¬ 
tion  colors,  in  the  chloroplasts  of  higher  plants  ( Polygonatum 
officinale,  Beilis  perennis,  Elodea  canadensis).  Weber  finds  that 
the  perception  of  these  colors  depends  upon  the  intensity  of  the 
light  in  which  the  plants  are  observed.  Furthermore,  the  investi¬ 
gations  of  Menke,  Doutreligne,  Wakker,  Wieler,  Heitz,  Weber, 
Hubert,  Geitler,  Deschendorfer,  Beauverie,  Weier  and  Strug- 
GER  seem  to  confirm  in  chloroplasts  the  existence  of  a  structure, 
described  by  Schimper  and  Meyer  fifty  years  ago,  according  to 
which  chlorophyll  is  fixed  on  grana  suspended  in  a  colorless  stroma1. 
These  grana  according  to  Wieler  are  enclosed  within  a  peripheral 
layer  of  the  stroma.  Heitz  thinks  the  grana  are  small  bodies, 
measuring  from  0.3-1.7/x  in  diameter,  and  appearing  flat  and 
discoid  in  shape,  which  explains  the  striated  structure  often  visible 
in  chloroplasts  when  observed  in  certain  positions.  Doutreligne 
describes  them  as  rods  or  granules  which,  according  to  the  condi¬ 
tions  present,  may  assemble  like  strings  of  beads,  may  separate, 
or  may  become  confluent.  Beauverie  confirms  these  data  without 
admitting,  however,  that  the  structure  is  general,  for  he  thinks 
that  in  certain  plants  the  chloroplasts  may  be  homogeneous. 

The  chemical  nature  of  the  grana  is  still  unknown.  Wiesler 
concludes  that  they  are  formed  of  an  essential  oil  in i  which l  the 
chlorophyll  is  dissolved.  Heitz  considers  them  simply  as  grains 


’Some  even  older  observations  would  see.  to round  buTcS’a^ 

the  pseudobulb  of  Calanthe  Sieboldt,  descri  e  c  Rtretching  at  their  middle  region.  Now 

of  changing  to  a  dumb-bell  shape  by  elongat^  pU  connoting  them  become, 

the  two  swellings  remain  filled  with  chlorophyll  while  the  slender  pa 

oolorless.  In  the  mesophyl.  of  leaves  and  braetj.of  /~s  appendage, 

chloroplasts  showing  at  one  extremity.  ’  candidum  the  chloroplasts  are  surrounded 
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of  chlorophyll.  Still  others  think  they  are  lipides  holding  the  pig¬ 
ment  in  solution  (Menke,  Weber). 

With  the  study  of  this  structure  the  question  of  the  double  re¬ 
fraction  of  chloroplasts  has  been  brought  up  again.  While  Kuster 
concludes  that  double  refraction  is  due  to  the  ground  substance  oi 
the  chloroplast,  Menke,  Heitz,  and  Weber  attribute  it  to  the 
grana  which,  accordingly,  they  believe  correspond  to  doubly  refrac¬ 
tive  lipide  inclusions.  Menke  and  Weber  observed  that  after  a 
prolonged  stay  in  water,  the  chloroplasts  are  the  seat  of  the  pro¬ 
duction  of  green  myelin  filaments  which  correspond  to  the  fibrils 
of  Schwarz  and  which  arise  from  the  grana1.  Now  Weber 
showed  that  these  myelin  figures  when  seen  in  polarized  light  pre¬ 
sent  the  same  double  refraction  and  same  red  color  as  do  the  grana, 
which  he  thinks  tends  to  prove  that  in  the  chloroplasts  only  the 
grana  are  doubly  refractive  and  that  these  elements  correspond 
to  liquid  cristals2. 

It  is  known,  however,  that  Giroud  had  recorded  that  the  chon- 
driosomes  of  animal  cells,  which  we  will  see  later  on  are  akin  to 
plastids,  appear  doubly  refractive.  WEBER  to  confirm  his  opinion 
examined  chondriosomes  and  leucoplasts  of  various  plants  in  polar¬ 
ized  light  but  was  not  able  with  certainty  to  prove  that  they  are 
doubly  refractive.  It  is  known,  of  course,  that  carotin  in  chromo- 
plasts,  when  it  is  not  crystallized,  appears  as  clearly  separated 
granules  in  the  colorless  substance  of  the  plastid.  Now  in  examin¬ 
ing  such  chromoplasts  in  polarized  light,  Weber  was  able  to  demon¬ 
strate  that  the  double  refraction  is  localized  exclusively  at  the 
level  of  the  pigment  granules.  This  seems  to  demonstrate  that  the 
substratum  of  the  plastids  is  not  doubly  refractive  and  that  this 
characteristic  is  due  to  the  grana  in  chromoplasts  and  chloroplasts 
alike.  The  problem  of  the  structure  of  the  chloroplasts  is  certainly 
very  complicated,  since  it  is  difficult  to  avoid  alterations  in  living 
material  during  observation,  but  the  tendencies  are  manifestly  in 
favor  of  a  heterogeneous  structure.  Most  authors  (Heitz,  Doutre- 
ligne,  Wieler,  Deschendorfer,  Weber,  Pekarek,  Geitler)  agree 
that  the  chloroplasts  are  composed  of  small  lipide  discs  containing 
chlorophyll  and  embedded  in  a  hvdronhilic  stroma  +v,ir^e 


iiuerea  by  Meyer  to  be 
we  will  speak  of  again 
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layer.  This  supposed  submicroscopic  structure  makes  it  possible 
to  form  new  hypotheses  for  the  mechanism  of  chlorophyll  assimila¬ 
tion  (Baas  Becking  and  Hanson,  1937). 

As  for  the  pyrenoids  which  are  found  in  the  chloroplasts  of 
many  algae,  they  are  still  variously  considered  and  opinions  as  to 
their  significance  are  not  yet  well  fixed.  Schmitz,  Chmielevsky, 
and  Lutman  consider  them  permanent  organelles,  multiplying  by 
division.  Schimper,  Klebs  and  Strasburger  saw  them  disappear 
and  maintain  that  they  are  bodies  which  form  de  novo,  an  opinion 
which  today  seems  demonstrated.  It  was  thought  that  the  pyren¬ 
oids  constituted  a  reserve  protein  elaborated  by  the  plastids.  Other 
authors,  on  the  contrary,  think  they  play  an  important  role  in  the 
formation  of  starch  which  always  arises  in  their  interior  (Lutman, 
McAllister)  or  in  contact  with  them  (Chadefaud). 

In  terminating  this  discussion  as  to  the  structure  and  chemical 
nature  of  chloroplasts,  attention  is  called  to  the  ability  of  chloro¬ 
plasts  to  reduce  silver  salts,  especialfy  in  a  1%  solution  of  silver 


Fig.  20.  —  Positions  taken  by  chloroplasts  in  cells  of  seedlings  of  Saccorhiza  bulbona  in 
intense  (A)  and  weak  (C)  illumination.  B,  intermediate  position.  (After  Sauvageau). 


nitrate.  This  property,  discovered  by  Molisch  and  called  the  Mo- 
LISCH  reaction,  is  connected  neither  with  chlorophyll  nor  the  caro- 
tinoid  pigments,  is  produced  only  in  living  tissues  and  seemed  to 
Molisch  to  be  independent  of  light.  Molisch  attributed  it  to  the 
presence  of  formaldehyde  in  the  chloroplasts.  Investigations  of 
Gautheret  have  led  to  important  information  about  the  conditions 
under  which  the  Molisch  reaction  is  carried  out.  This  research 
showed  that  light  plays  a  role  in  the  reduction  of  silver  nitrate  by 
chloroplasts :  the  reduction  begun  by  the  action  of  light  may  con¬ 
tinue  subsequently  in  the  dark.  Gautheret’s  work  proved  finally 
that  this  reaction  is  not  due  to  the  presence  of  formaldehyde  in  the 
chloroplast  but  to  reducing  substances  still  unknown. 

More  recently  GlROUD  and  his  collaborators  claimed  that  the 
Molisch  reaction  is  to  be  attributed  to  the  presence  of  ascorbic  acid 
within  the  chloroplasts  which,  therefore,  these  workers  believe 
to  be  the  source  of  this  substance. 


Movement  of  chloroplasts:-  It  has  been  known  for  some  time 
that  chloroplasts  are  capable  of  moving  from  place  to  place  and, 
depending  upon  the  intensity  of  the  light,  are  capable  of  placing 
themselves  on  one  side  or  the  other  of  a  cell.  But  for  a  long time 
it  has  been  said  that  they  play  only  a  passive  role  in  these  move- 
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ments,  which  those  who  hold  this  opinion  think  are  caused  ex- 
clusively  by  cytoplasmic  currents.  From  observations  of  VVEISS, 
Schimper,  and  Kuster  it  appears  that  chloroplasts  are  capable  of 
becoming  distorted  and  of  showing  amoeboid  movements.  This  is 
also  recorded  for  leucoplasts,  as  will  be  seen  later.  Now  Sau- 
vageau  showed  by  observations  of  seedlings  of  Saccorhiza  bulbosa 
that  when  exposed  to  intense  light  the  chloroplasts,  during  their 
movements,  present  contractions  and  dilations  which  can  be  ex¬ 
plained  only  by  movements  which  they  make  themselves.  SENN, 
who  recognizes  the  capacity  of  chloroplasts  to  move  themselves, 
attributes  this  to  the  presence  of  a  cytoplasmic  sheath  surrounding 
them  which  he  calls  a  peristromium.  This,  according  to  SENN, 
gives  rise  to  pseudopodia  which  permit  the  chloroplasts  to  change 
shape  and  place.  The  existence  of  this  peristromium,  however,  has 
never  been  confirmed  and  remains  very  problematical. 


i 


Chapter  VII 


THE  CHONDRIOME 

General  conceptions.  What  is  meant  by  chondriome  in  animal 
cells:-  As  the  chondriome  was  observed  first  in  animal  cells,  it 
seems  necessary  before  beginning  its  study  in  plant  cells,  to  recall 
as  briefly  as  possible  what  is  understood  under  that  heading  in 
animal  cytology. 

The  observations  of  Altmann  cited  in  the  previous  chapter, 
although  exact,  did  not  at  first  hold  the  interest  of  cytologists  and 
the  bioplasts  described  by  him  were  for  a  very  long  time  confused 
with  the  granules  of  Arnold  brought  out  in  most  animal  cells  in 
the  time  that  followed  by  means  of  vital  stains.  It  is  known  now 
that  these  granules  correspond  to  vacuoles  and,  in  consequence, 
have  a  quite  different  significance.  It  was  believed  that  these 
granules  were  merely  artifacts  and  it  was  not  until  very  much  later 
that  the  work  of  Benda,  Meves,  Regaud  and  Faur6-Fremiet  dem¬ 
onstrated,  by  the  use  of  special  methods  similar  to  those  of  Alt¬ 
mann,  the  constant  presence  of  small  organelles  in  the  cytoplasm 
of  animal  cells.  (Figs.  21,  22).  They  were  somewhat  similar  in 
shape  and  dimension  to  bacteria  and  were  afterwards  identified  with 
the  bioplasts  of  Altmann  and  the  fila  of  Flemming.  These  ele¬ 
ments,  whose  width  does  not  exceed  0.5-1/1,  were  named  chondrio- 
somes  by  Benda  (1906)  and  plastosomes  by  Meves.  The  general 
term  mitochondria  is  often  applied  to  them.  They  appear  now  as 
granules  called  mitochondria  (Benda),  now  as  rods  or  long,  undu¬ 
lating,  sometimes  branched  filaments  called  chondrioconts.  One  of 
these  shapes  may  change  into  the  other.  The  granule  is  capable  of 
elongating  into  a  rod,  then  into  a  filament  and  this  latter  may,  in 
turn,  fragment  into  granules.  Mitochondria  assembled  in  small 
chains  were  called  chondriomites  by  Meves.  It  was  later  recognized 
that  this  very  rare  shape  sometimes  represents  a  transition  form  re¬ 
sulting  from  a  fragmentation  of  chondrioconts  but  more  often  still, 
corresponds  merely  to  an  alteration  of  the  chondrioconts  caused  by 
the  fixatives  (Levi).  Meves  proposed  the  term  chondriome  (1908) 
or  plastome  (1910)  for  the  entire  chondriosomal  content  of  a  single 

cell.  .  ,  . 

The  chondriosomes  are  made  up  of  lipoproteins,  very  rich  in 

lipides  (phosphoaminolipides),  and  can  not  be  brought  into  evi¬ 
dence  except  by  the  use  of  special  fixation  techniques,  called  mito¬ 
chondrial,  which  do  not  affect  the  phosphoaminolipides.  Fixatives 
containing  alcohol  or  acetic  acid,  i.e.,  those  which  were  most  cur¬ 
rently  used  before  the  discovery  of  chondriosomes,  do  not  reveal 
them7  This  explains  why,  although  visible  in  material,  they 

were  able  to  pass  unperceived  for  so  long.  Mitochondrial  tech¬ 
niques  consist  fixing  cells  with  a  mixture  of  chromic  and  osmic 
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acids  (method  of  Benda  and  Meves)  or  with  a  mixture  of  formol 
and  potassium  bichromate  (method  of  Regaud),  and  then  in  fol¬ 
lowing  the  fixation  with  a  more  or  less  prolonged  treatment  of  a 
3%  solution  of  potassium  bichromate,  an  operation  called  post- 
chromatization  which  renders  the  chondriosomal  lipides  insoluble. 
Once  fixed,  the  chondriosomes  stain  clearly  with  iron  haematoxylin, 
acid  fuchsin  and  crystal  violet.  They  appear  in  the  homogeneous, 
barely-stained  cytoplasm  as  intensely  stained  elements,  with  a  very 
clear  outline  and  they  very  much  resemble  bacteria.  It  has  been 
shown  that  chondriosomes  are  made  up  of  a  lipoprotein  complex 
and  that  their  affinity  for  stains  is  due  to  the  lipides  which  they 
enclose.  Fixatives  containing  alcohol  or  acetic  acid  destroy  these 
lipides  and  the  chondriosomes  lose  their  chromaticity. 

In  young  cells,  mitochondria  generally  predominate  among  the 
chondriosomes.  At  a  later  stage  they  elongate  into  chondrioconts 
which  is  the  most  usual  form  found  in  mature  cells.  The  chondrio¬ 
somes  are  permanent  formations  and 
many  cytologists  consider  that  they  are 
incapable  of  forming  de  novo  and  increase 
in  number  only  by  division  of  pre-existing 
chondriosomes.  At  first  the  chondrio¬ 
somes  were  regarded  as  organelles  in 
whose  interior  were  formed  most  of  the 
products  elaborated  in  the  cell  (fat,  zymo¬ 
gen,  pigments)  and  whose  role  was  the 
same  as  that  of  the  plastids  in  chlorophyll¬ 
bearing  plants.  But  observation  of  living 
material  using  tissue-culture  technique 
does  not  confirm  this  idea.  The  very  accurate  observations  of  Noel 
on  the  liver  of  rats  are  the  only  ones  made  so  far  which  seem  favor¬ 
able  to  this  belief.  Noel  has  shown  that  when  an  exclusively  nitro¬ 
genous  diet  is  given  the  rats,  the  chondriosomes  of  their  liver  cells, 
which  are  normally  in  the  state  of  chondrioconts,  become  large, 
r°UIK}  .kQ(^es  with  protein.  It  seems,  therefore,  that  the 

chondriosomes  accumulate  protein  and  act  as  proteoplasts.  The 
p  enomenon  is  reversible  and,  if  the  nitrogenous  food  is  sup¬ 
pressed,  the  proteoplasts  lose  their  protein  and  resume  the  form 
o  chondrioconts.  The  role  of  the  chondriosomes  is  still  very  ob¬ 
scure  in  spite  of  this  single  observation. 


Fig.  21.  —  The  chondriome. 
A,  frog’s  liver.  B,  salamander’s 
liver.  C,  frog’s  kidney.  Re- 
gaud’s  method. 


W  ™,VhondTme  in  plant  cells:‘  Chondriosomes  in  plant  cells 
were  discovered  even  as  early  as  1904  by  Meves  who  found  them 

ubseeaueUnrt^CclSfi  °f  the  Nymphaea“ae-  His  results  were 

ubsequently  confirmed  in  various  organs  of  the  phanerogams  bv 

N.™RoNrt,a  n6rtain  nUmber  °f  “"estigato*.  (sSZ>£ 

H  vmtnfi,  1  Bonaventura),  among  whom  Duesberg  and 

cellent  figures'^?  the  a.  Sp®clal  pla.ce’  for  in  1910  they  produced  ex¬ 
bean  h  chondnome  ln  embryonic  cells  of  the  pea  and 
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Beginning  with  the  year  1910,  the  aspect  of  the  question 
changed  and  the  almost  simultaneous  work  of  Pensa  (1910), 
Lewitsky  (1911) ,  and  our  own  work  (1911)  showed  a  relationship 
between  chondriosomes  and  chloroplasts.  But,  as  will  be  seen, 
from  that  moment  on,  investigators  found  themselves  face  to  face 
with  a  problem  which  it  took  several  years  of  patient  and  laborious 
research  to  solve. 

A  study  of  chondriosomes  in  the  different  plant  groups  has 
demonstrated  that  these  elements  exist  in  every  cell  except,  how¬ 
ever,  among  the  bacteria,  where  it  has  not  yet  been  possible  to 
reveal  them,  and  in  the  Cyanophyceae  in  whose  cells  it  is  at  present 
demonstrated  that  they  are  not  found. 


Fig.  22.  —  Connective  cells  from  tissue  cul¬ 
tures  of  guinea  pig  prepared  by  the  mitochon¬ 
drial  method.  (After  Maximov). 


The  chondriome  in  fungi:-  The  study  of  the  chondriosomes  is 
relatively  simple  in  plants  lacking  in  chlorophyll,  i.e.,  the  fungi, 
where  we  described  them  for  the  first  time  in  the  ascus  of  Pustularia 
vesiculosa  (1911).  Chondriosomes  were,  after  that,  cited  in  the 

most  varied  fungal  groups : 
Myxomycetes  (Vonwiller, 
Cowdry,  Lewitsky,  Mange- 
NOT),  Plasmodiophoraceae 
(Milovidov),  Chytridiaceae 
(Poisson  and  Mangenot), 
Blastocladiaceae  (Winslow 
Hatch),  Saprolegniaceae  (Ru¬ 
dolph,  Guilliermond),  Pero- 
nosporaceae  (Lewitsky,  H. 
Edson,  Dufrenoy,  Saksena, 
Miss  Syngalowsky),  Der¬ 
matophytes  (Grigoraki,  Ne¬ 
groni),  Mucoraceae  (Guil¬ 
liermond,  Moreau),  Hemiascomycetes  (Guilliermond,  Varit- 
CHAK),  lower  Ascomycetes:  Endomyces  Magnusn,  Endomyces  fibu- 
liger  (Guilliermond),  yeasts  (Janssens  and  van  de  Putt  , 
GUILLIERMOND,  HENNEBERG,  NEGRONI,  TREDICI,  ^ 

Ascomycetes:  Pezizales,  Penialhum  glaucum  (Guilliermond 
Jannsens  and  Helsmortel),  Ustilagmaceae  and  Uredmace 
(M.  and  Mme.  Moreau,  Beauverie),  Autobasidiomycetes  (Gui 
liermond,  Beauverie,  Sarazin,  Miss  Duchaussoy). 

In  almost  all  fungi,  the  chondriosomes  pre.lom.nate  m  the  fo 
of  chondrioconts,  generally  very  elongated  sometimes  J^s"f  the 
and  orientated  in  a  direction  parallel  to  the  longitudinal  a. 
hyphae.  In  the  Myxomycetes  and  Plasmodiophoraceae,  howe  , 
there  are  present  only  mitochondria  or  short  rods. 

Development  of  the  chondriome^ 

at  all  times  in  the  cytoplasm  of  fungi.  J  ' ..  .  founcj  ;n  the 

the  spores  in  the  sporangia  and  asm  ^  t^ds  of  veasts  ^  Fig 23). 
conidia  ( Penicillium  glaucum)  and  in  the  buds  of  yeasts  t*  g 
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In  the  Myxomycetes  and  Plasmodiophoraceae  in  which  COWDRY, 
Lewitsky,  and  Milovidov  have  studied  the  chondriosomes  in^  all 
stages  of  development  (spores,  zoospores,  myxamoebae,  plasmodia), 
these  elements  remain  constantly  in  the  state  of  mitochondria  or 
short  rods  and  never  become  chondrioconts.  During  sporogenesis 
they  are  distributed  among  the  spores  (Fig.  24). 

The  development  of  the  chondriome  in  one  of  the  Blastocladia- 
ceae,  Allomyces  arbusculus,  is  known  from  a  recent  study  of  Wins¬ 
low  Hatch.  In  the  mycelium  the  chondriome  is  represented  ex¬ 
clusively  by  long  slender  chondrioconts  which  appear  to  thicken 
at  the  extremities  of  the  hyphae.  At  the  time  of  gametogenesis, 
walls  at  the  extremities  of  the  hyphae  cut  off  two  gametangia,  the 
female  being  terminal,  the  male  subterminal,  both  enclosing  nu¬ 
merous  chondrioconts  which  are 
more  abundant  in  the  female 
than  in  the  male  gametangium. 

The  chondriosomes  are  distrib¬ 
uted  about  the  various  nuclei  of 
the  two  gametangia,  forming 
around  each  nucleus  an  en¬ 
tangled  network  of  chondrio¬ 
conts.  Then,  at  the  close  of 
gametogenesis,  the  chondrio¬ 
conts  in  each  gamete  undergo  a 
fragmentation  by  which  they  are 
reduced  to  numerous,  very  small, 
mitochondria.  These  subse¬ 
quently  grow,  then  fuse,  forming 
about  each  nucleus  a  sort  of 
reticulate  mantle  which  seems  to 
be  transformed  later  into  a  chro¬ 
matic,  homogeneous  cap  ap- 
pressed  to  the  nucleus  on  one 
side  (nuclear  cap).  Each  gamete 
when  mature  encloses,  there¬ 
fore,  a  nuclear  cap  seemingly  of 
mitochondrial  origin,  occupying 
the  regions  of  the  cell  opposite  to  the  insertion  point  of  the  flagel¬ 
lum.  Hatch  compares  this  cap  to  the  limosphere  of  moss  anthero- 
zoids  and  to  the  “Nebenkern”  of  some  animal  spermatozoids  (Dip- 
tera).  Nevertheless  the  mitochondrial  origin  of  this  nuclear  cap 
seems  still  to  demand  some  verification  (Fig.  25). 

o  n  ,  .  i  ‘  >  I*.  .  ^  known  particularly  in 

the  Saprolegmaceae  in  which  we  have  been  able  to  follow  different 

species  ( Saprolegnia ,  Achlya,  Leptomitus)  with  the  greatest  accu 

ceasCsy  (Fi«sg26hl7rrTlre  **  Eluding  the  sexuaiTo- 

cef  (  .'?s'  26>  27  )•  The  chondriosomes  of  these  fungi  appear  in  the 
extremities  of  growing  hyphae  as  relatively  large  mitochondria 
Immediately  behind  the  tip,  these  elements  begin  to  eCgatJ  first 
becoming  rods,  then  thin,  undulating  and  often  branched,  chondrio- 


Flo.  23.  —  The  chondriome  in  fungi.  A, 
developing  basidium  of  Coprinus;  B,  young 
basidia  of  Psalliota  campestris;  C,  young 
sporangium  of  Rhizopus  nigricans;  D,  conidio- 
phore  of  Penicillium  glaucum;  E,  tissue  from 
the  foot  of  Psalliota  campestris ;  F,  yeast. 
Sporobolomyces  roseus. 
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conts.  The  chondrioconts  become  thinner  and  thinner  as  they 
elongate  which  seems  to  indicate  that  they  are  formed  by  a  pro¬ 
gressive  stretching  of  the  mitochondria.  In  the  young  zoosporan¬ 
gia,  the  chondriosomes  are  all  in  the  state  of  mitochondria  which 
subsequently,  together  with  the  cytoplasm,  assemble  about  each  of 
the  numerous  nuclei,  thus  outlining  the  circumferences  of  the  fu¬ 
ture  zoospores  which  are  seen  as  separated  by  hyaline  areas.  Ail 
the  zoospores  when  mature  enclose  a  chondriome  made  up  exclu¬ 
sively  of  mitochondria  which,  at  the  time  of  germination,  are  trans¬ 
formed  in  the  germinating  tube  into  chondrioconts. 

The  development  of  the  chondriosomes  is  also  very  well  known 


A,  frag- 


Fio.  24  (.eft).  -  The  chondriome  in  Myxomycet~  and 
ment  of  the  plasmodium  of  Physarum ■  D  spores  and  zoospores  of  Fuligo  septxca 
C.  spores  of  Hemitrxchux  vesparum  Jafter  Co  K  Brassicae  (after  Milovidov). 

(after  Vonwilleb)  :  E.  young  plasmodia  of  Plasmodwpno  ^  ,n  the  vegetative  fila- 

FlO.  26  (right).  —  AUomyces  arb™cu'*8-  ^ £e  gametangium.  4.  mitochondria 
ment.  2.  3.  the  chondrioconts  grouped  about  the  i  \  i  i  “  *  L.G.,  lipide  granules  colored 

=nS  MS  cLmpV/ui,  Method.  (After  HATch, 

formed,  show  a  chondriome  made  P  known  that  the  ascus 

densely  clustered  about  each  nu  •  hyphae>  This  terminal, 
forms  at  the  terminal  portion  ,  binucleate  cell  whose 

recurved,  crosier-like  portion  walls  form, 

two  nuclei  divide  simultaneous » y.  [dd]  one  that  occupying  the 

marking  off  three  cells,  *  the  others,  that  at 

23  mass  made  up  of  the 
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numerous,  densely  clustered,  chondnoconts.  Then  the  cell  under¬ 
goes  a  nuclear  fusion  and  when  that  is  completed,  the  two  chondrio- 
somal  masses  fuse  around  the  single  nucleus.  After  nuclear  fusion, 
the  ascus  enlarges  and  grows  longer  progressively  to  form  an 
elongated  voluminous  cell.  During  this  process,  the  nucleus 
tains  a  somewhat  central  position  while  the  chondrioconts,  which 
have  been  grouped  about  the  nucleus,  spread  out  through  the  entire 
cytoplasm  which  in  this  phase  is  filled  with  small  vacuoles.  At  the 
same  time,  at  one  or  several  points  on  their  long  axis,  the  chondrio¬ 
conts  usually  form  small  swellings,  each  occupied  by  a  vesicle  (Fig. 
28). 

When  the  growth  of  the  ascus  is  complete,  but  a  little  before 
the  first  mitosis  occurs,  these  vesicles  disappear  and  the  chon¬ 
drioconts,  all  oriented  in  the  direction  of  the  longitudinal  axis  of 
the  cell,  manifest  a  tendency  to  elongate.  At  this  stage  a  cytoplasm 
(sporoplasm) ,  dense  and  rich  in  chondrioconts,  differentiates  in 
the  central  region  of  the  ascus  while 
the  basal  and  apical  portions  des¬ 
tined  to  make  up  the  epiplasm,  re¬ 
main  filled  with  small  vacuoles.  The 
nucleus  which  occupies  the  center  of 
the  sporoplasm  then  undergoes  three 
successive  mitoses  during  which,  it 
is  seen,  the  chondrioconts  remain 
scattered  in  the  sporoplasm  except 
in  the  region  occupied  by  the  asters 
where  they  are  completely  absent. 

The  divisions  completed,  each  of  the 
resulting  eight  nuclei  remains  con¬ 
nected  with  its  aster  by  a  small  pro¬ 
tuberance  at  the  end  of  which  the 
centrosome  still  persists.  It  is  not 
long  before  the  astral  fibres  them¬ 
selves  recurve  so  that,  in  section,  each  nucleus  then  appears  as  if 
surmounted  by  a  parasol  on  whose  surface  there  will  first  form  the 
uniting  membrane  of  the  future  ascospore.  Now  the  whole  region 
°u  j  future  spore  occupied  by  the  centrosome  and  aster  shows  no 
chondriosome  at  all.  All  these  elements  are  found  exclusively  at 
the  opposite  pole,  where  they  form  a  compact  mass  of  entangled 
chondrioconts.  The  ascospores  then  enlarge  and  become  surrounded 
by  a  cellulose  wall.  Not  until  then  do  the  centrosome  and  aster 
disappear.  At  the  same  time  the  nucleus  becomes  centrally  placed 

JL  ^Si°SPOre^n,d  th^  chondrios°mes  are  distributed  throughout 
e  cytoplajsm.  Only  a  few  chondriosomes  remain  in  the  epiplasm. 

VARiTCHAKhT^  °ne  ??  Hemiascomycetes,  Ascoidea  rubescens, 
Varitchak  has  described  in  more  recent  work,  a  vesiculation  of 

mycetes°S°meS  analogous  to  that  recorded  for  the  higher  Asco- 

has  a!s<>  been  possible  to  follow  the  life  history  of  the  chon 
nosomes  during  the  development  of  some  of  the  Agaricaceae,  in 


Fig.  26.  —  Fragments  of  protoplasm 
of  Aehlya.  A,  at  the  extremity  of  a 
growing  filament:  B,  an  older  filament. 
e,  chondriosomes.  Gl,  lipide  granules 
blackened  by  osmic  acid.  «,  nucleus. 
Moves’  method,  stained  with  acid  fuchsin. 
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particular  that  of  Agaricus  campestris  (Beauverie,  Guilliermond, 
Sarazin)  and  in  Coprinus  fimetarius  (Miss  Duchaussoy).  All 
the  hyphae  which  compose  the  plectenchyma  of  the  foot  and  of  the 
cap  of  the  sporophore  have  a  chondriome  almost  exclusively  made 
up  of  long  chondrioconts.  In  young  basidia,  before  and  after  nu¬ 
clear  fusion,  there  is  also  found  a  large  number  of  chondrioconts 
lying  parallel  to  the  long  axis  of  the  basidium.  As  in  the  case  of 
the  asci,  the  chondrioconts  frequently  show  small  vesiculate  swell¬ 
ings  on  their  long  axes.  When  the  two  nuclear  divisions  of  the 
basidium  are  completed,  the  chondrioconts  fragment  into  short 
rods  and  migrate  with  the  cytoplasm  and  nuclei  to  the  basidiospores, 
each  of  which  encloses  a  chondriome  formed  of  numerous  rods.  In 
the  course  of  germination,  these  rods  move  into  the  germinating 
tube  where  they  multiply  and  elongate  and  become  long  chondrio¬ 
conts  in  the  primary  mycelium. 


Fig.  27  (left).  —  Development  of  the  °™'d  grouping  about  the  nuclei 

vegetative  filament:  2,  3,  fragmentation  of  *  chondriosomes  in  the  zoospores:  6-7.  ger- 
during  the  formation  of  the  zoospores;  .  8£a  ;  me3  into  chondrioconts.  C.  chondriocont. 

ruination  of  the  zoospores,  elongation  of  chondriosomes 
m  nucleus.  Meves’  method,  stained  with  acid  fuchsin. 

FlO.  28  (right).  -  Development  of  the  chondriojne^m^^the  ascus^of  ch^dHo^mes^during 
1.  very  young  ascus  after  nuclear  division.  .  .  j  r  zone  about  each  nucleus 

sE. tLSr^rs  8  —  ’• old" 

ascospores.  C,  centrosome;  N.  nucleus.  Meves  met  od. 

We  have  been  able  to  observe  the  chondriome  in  some  living 

fungi :  Endomyces  Magnusii,  Saccharomycodes  Ludwign  but  the 

Sanro  egniaceae  are  particularly  favorable  for  this  type  of  study, 
as  we  have  shown  in  our  research.  Meyer  as  early  as  1904  ob¬ 
served  living  chondriosomes  in  Achlya  and  described  theI"  **  'fJV 
S  We  have  since  been  able  to  follow  with  very  great  clearness 
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somes  are  permanent  elements  which  are  found  in  all  parts  of  the 
fungi  and  which  are  never  seen  to  arise  de  novo,  even  in  prolonged 
examination  of  living  material.  In  addition,  the  presence  of  nu¬ 
merous  division  figures  of  chondriosomes  and  the  regular  distribu¬ 
tion  of  these  elements  among  the  zoospores  seem  to  indicate  clearly 
that  the  chondriosomes  are  transmitted  by  division  from  cell  to 
cell  and  never  arise  de  novo.  Proof  of  this,  however,  is  difficult  to 
furnish,  but  we  shall  see  later  that  certain  indirect  arguments 
drawn  from  the  study  of  plastids  in  chlorophyll-bearing  plants  seem 
favorable  to  the  opinion  that  chondriosomes  maintain  their  indi¬ 
viduality  in  the  course  of  development. 

Research  on  the  development  of  chondriosomes,  carried  out  by 
direct  observation  as  well  as  by  mitochondrial  techniques,  has  not 


furnished  any  information  as  to  the  role  of  these  elements  and  has 
not  brought  any  concrete  facts  to  bear  on  their  participation  in  the 
secretory  phenomena  so  of¬ 
ten  attributed  to  them  in 
animal  cytology. 

It  is  true,  as  has  been 
seen,  that  in  the  asci  of 
Pustularia  vesiculosa  and  of 
Ascoidea  rubescens  and  in 
the  basidia  of  the  Agarica- 
ceae  the  chondrioconts  form 
on  their  long  axes  vesicular 
swellings  which  have  the 
same  appearance  as  those 
brought  about  by  the  forma¬ 
tion  of  starch  grains  in  the 
leucoplasts  of  the  phanero¬ 
gams.  This  has  also  been 
observed  by  Lewitsky  dur¬ 
ing  the  formation  of  the 
oogonium  in  the  Peronosporaceae  and  more  recently  by  POISSON 
and  Mangenot  in  Vampyrella  Closterii  during  the  period  of  diges¬ 
tion.  It  was  first  supposed,  by  analogy  with  the  ideas  accepted  in 
animal  cytology,  that  these  vesicles,  appearing  when  the  reserve 
products  are  elaborated  in  the  basidium  and  ascus  and  then  dis- 
appeaiing  during  mitosis,  might  bear  some  relation  to  the  forma¬ 
tion  of  these  reserve  products.  But  it  has  been  shown  by  observa¬ 
tion  of  living  material  that  none  of  these  reserve  products  of  the 
ascus,  metachromatin,  fats,  glycogen,  arises  in  these  vesicles.  Meta- 
ls  formed  in  the  vacuoles  (P.  A.  Dangeard,  Guillier- 
+J.°N  u  '  ,L!pide  granules  always  arise  in  the  cytoplasm  apart  from 
the  chondriosomes,  as  our  observations  have  allowed  us  to  show  in 

the  Saprolegniaceae  and  Endomyces  Magnusii  (Figs. 
60,  6 1),  where  the  chondriosomes  are  very  clearly  seen  in  living 

yr?.en^S0  l*pp®ars  in  the  cytoplasm,  as  we  have  been  able 
to  establish  by  direct  observation  of  various  fungi  treated  with 
iodine-potassium  iodide  reagent.  This  reserve  product  is  found 


Fig.  29.  —  Portions  of  filaments  of  Saprolepnia 
observed  with  the  ultramicroscope  showing  (1)  only 
the  lipide  granules  (Gl)  illuminated,  (2)  the  chon¬ 
driosomes  (C)  also  and  (3)  the  coagulated  proto¬ 
plasm. 
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especially  at  the  borders  of  the  vacuoles  and  about  the  nuclei,  where 
it  forms  as  small  islands  which  soon  run  together  in  large  masses. 
This  elaboration  of  glycogen  takes  place  without  any  direct  partici¬ 
pation  of  the  chondriome,  a  fact  confirmed  by  Duchaussoy  and  Sa- 
Razin.  The  significance  of  these  vesicles,  therefore,  is  completely 
unknown.  It  will  be  seen  that  similar  vesicles  form  where  there  is 
the  slightest  alteration  in  the  cell.  It  might  be  asked,  therefore, 
whether  they  are  not  attributable  to  fixatives.  Yet  these  vesicles 
always  appear  at  the  same  stage  of  development,  whatever  the  fixa¬ 
tive  employed,  and  subsequently  disappear.  It  is  therefore  difficult 
to  accept  this  opinion,  unless  it  be  supposed  that  the  chondriome 
offers  a  much  greater  fragility  in  that  stage  of  development  of  the 
fungi  at  which  they  appear.  Besides,  we  shall  see  that  in  living 
Saprolegniaceae  similar  vesicles  may  appear  and  disappear  during 
the  course  of  observation.  There  is  the  possibility  that  these  ves¬ 
icles  indicate  an  elaboration  of  a  product  within  the  chondriosome 
which  reagents  do  not  reveal.  The  question  remains  unanswered 


for  the  time  being. 


It  has  been  demonstrated, 
moreover,  by  our  work  that 


.•.sV c  ^ '  some  Ascomycetes  and  in  cells 

5  nVo  .  Qo  oo &  \r  .  ,  /rr  ,  , 


*(*/,  °*D  o°o°£og--£  of  some  yeasts  (Sporobolomy- 

oh#*  *04  6  o!’o  Gl  ces ),  are  not  formed  in  the 

'gQpi  o  =©,  chondriosomes,  but  are  al- 


W  ottl  ways  scattered  in  small  lipide 
w  granules  having  no  genet- 


Fic. 

Sap  role  a ■ 

tion  of  the  chondriosomes.  C,  chondriosomes.  Gl, 
lipide  granules.  N,  nucleus. 


of  the  chondriosomes.  C,  chondriosomes.  Gl,  driOSOmeS1.  The  pigments  of 


the  Myxomycetes  are  not  con¬ 


nected  with  the  chondriosomes  either.  They  are  phenol  compounds 
which  exist  in  the  cytoplasm  as  sphaerocrystals  (Mangenot).  One 
sees,  therefore,  that  research  on  fungi,  both  by  observation  of 
living  material  and  with  mitochondrial  methods,  does  not  confiim 
the  hypothesis  formulated  for  animal  cells,  namely,  that  the  chon¬ 
driosomes  participate  in  the  secretory  phenomena  of  the  cells.  It 
is  seen  that  the  role  of  the  chondriosomes  in  plant  cells  still  escapes 


us. 
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chondrioconts.  In  whatever  form  they  take,  the  chondriosomes 
appear  as  elements  of  very  little  refractivity,  being  only  slightly 
more  refractive  than  the  cytoplasm.  They  are,  however,  always 
visible  but  are  more  or  less  clearly  singled  out  depending  upon  the 
viscosity  and  density  of  the  cytoplasm.  Their  visibility  is  sufficient 
for  a  satisfactory  motion  picture  to  have  been  made  of  them  (GuiL- 
liermond,  Obaton  and  Gautheret). 

The  chondriosomes  are  slowly  moved  about  by  the  cytoplasmic 
currents.  Their  very  irregular  and  ordinarily  extremely  slow  dis¬ 
placement  may  accelerate  or  stop  brusquely  and  then  begin  again. 
In  the  course  of  their  movements,  the  mitochondria  generally  keep 
their  shapes  but  the  chondrioconts  modify  theirs  constantly.  We 
have  been  able  to  follow  the  same  chondriocont  during  a  half  hour 
(Fig.  70)  and  to  draw  all  the  variations  in  form  which  it  under¬ 
goes.  When  the  chondriosomes  are  not  moving,  they  are  usually 
rectilinear.  During  their  movements,  however,  they  may  assume 
the  most  diversely  sinuous  forms,  appearing  as  S,  Z,  propeller¬ 
shaped,  etc.  Their  movements  are  reminiscent  of  Spirochaetes. 
Often  the  chondrioconts  meet,  become  entangled,  then  separate,  but 
we  have  never  observed  anastomosis,  although  they  frequently 
branch.  Their  ramifications  which  are,  moreover,  transitory,  are 
brought  about  by  changes  in  shape  necessitated  by  obstacles  en¬ 
countered  by  the  chondrioconts  along  their  path.  Thus  when  a 
chondriocont  suddenly  encounters  a  lipide  granule,  the  chondrio¬ 
cont  branches  and  goes  around  it.  The  same  effect  can  be  produced 
by  currents  moving  in  a  direction  opposite  to  that  of  the  chondrio¬ 
cont.  This  transitory  branching,  comparable  to  a  sort  of  pseudo¬ 
podium,  shows  that  chondrioconts  are  made  up  of  a  semi-fluid  and 
very  plastic  substance.  They  are  capable  of  becoming  shorter  by 
thickening,  or  of  increasing  in  length  by  growing  thinner.  They 
sometimes  appear  spindle-shaped  or  even  show  on  their  long  axes 
small,  sometimes  vesiculate,  swellings  which  afterwards  disappear. 
These  variations  in  form  have  been  compared  to  amoeboid  move- 
ments  and  there  has  been  an  attempt  to  explain  them  as  due  to 
modifications  of  surface  tension  (MilovidovT 


•  Alteration,  i.e.. 
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cavulation,  identical  to  that  observed  in  animal  cells,  consists  first 
in  a  swelling  and  increase  in  refractivity  of  the  chondriosomes  and 
then  in  a  transformation  into  vesicles  formed  by  a  watery  liquid 
within  a  thin,  rather  refractive  layer  which  is  sometimes  thicker  on 
one  side.  Each  mitochondrium  and  each  short  rod  becomes  trans¬ 
formed  into  a  vesicle,  whereas  chondrioconts  of  a  certain  length 
form  several  vesicles  on  their  long  axes1  which  are  ultimately 

separated.  These  vesicles  swell 
greatly  and  press  against  one  an¬ 
other  appearing  like  an  aveolar 
structure  of  the  cytoplasm.  Some¬ 
times  they  burst  because  of  the 
pressure  of  the  liquid  which  they 
enclose.  Hypertonic  solutions  do 
not  modify  the  form  of  the  chon¬ 
driosomes  as  long  as  the  plas- 
molyzed  cell  is  alive,  but  they 
]£p*VM  immediately  become  vesiculate 
when  death  occurs. 

For  a  long  time  chondriosomes 
were  considered  to  be  sensitive  to 
high  temperatures.  Investigations 
Of  POLICARD,  COWDRY,  POLICARD 
and  Mangenot,  carried  out  on 
animal  cells  as  well  as  on  plant 
cells  and  notably  on  the  Sapro- 
legniaceae,  led  to  the  statement 
that  a  temperature  of  45-50°C. 
sufficed  to  destroy  the  chon¬ 
driosomes  almost  instantaneously. 
More  recent  work  by  Famin  has 
shown  that  this  opinion  is  erron¬ 
eous.  In  the  Saprolegniaceae  the 
chondriosomes  merely  become  less 
visible  at  a  temperature  of  45-50° 
„  ..  .  * _ ,  n  because  of  a  modification  of 

Fic.  31.  —  Endomyces  Magnusu  stained  A/.,  ua<luoc  ,  . 

with  Janus  green.  1.  oidium;  2.  germinat-  vjScosity  Of  the  Cytoplasm,  ana  at 
ing  oidium;  3.  oidium  with  vesiculated  .  ^  undergo  alter- 

chondriosomes  (VM):  4.  stages  in  ves.cu-  the  Same  time  UUSy  u  6 

lation  of  the  chondriosomes.  c.  chondrio-  a^lon  :  fragmentation  intO  DailS, 

some:  gg.  lipide  granules;  «.  nucleus.  transformation  into  vesicles. 

A  study  of  them  after  fixation  shows  that  their  chromatkity  has 

been  much  diminished  but  that  they  persist  ""‘‘'f  theTv?opbsm 
attains  the  point  which  produces  coagulation  of  the  cytoplas 

* 6  The  Chondriosomes  of  fungi  do  not  stain  with  neutral^red. 

cresyl  blue,  toluidine  blue,  Nile  blue  a"  ’'on  the  contrary, 

dyes  accumulate  exclusively  in  the  vacuoles. 

•This  vesiculation  (cavulation)  seems  clearly  to  indicate  that  the  chondriosomes 
acervates. 
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they  stain  selectively  with  Janus  green,  methyl  violet  5B  and 
Dahlia  violet.  Recent  research  (Guilliermond  and  Gautheret) 
has  made  known  other  vital  dyes  for  staining  chondriosomes : 
gentian  violet,  crystal  violet,  Hoffman  violet,  methyl  green,  iodine 
green,  malachite  green  and  Victoria  blue.  Among  these,  Janus 
green  is  one  of  the  least  toxic.  Used  with  Saprolegnia  in  weak 
concentrations  (0.0005-0.005%  solutions)  it  stains  only  the  chon¬ 
driosomes,  giving  them  a  bluish  green  color  in  filaments  which 
continue  to  show  strong  cytoplasmic  currents.  Staining  is  there¬ 
fore  clearly  vital.  This  vital  staining  of  the  chondriosomes  by 
Janus  green  is  only  transitory.  It  is  observed  that  at  the  end 
of  a  few  moments  the  chondriosomes  lose  their  green  color, 
whereas  a  rose  tint  appears  in  the  vacuolar  system.  These  ob¬ 
servations  are  explained  by  the  fact  that  the  chondriosomes  re¬ 
duce  Janus  green  to  its  rose  derivative  and  this  latter,  having 
more  affinity  than  its  oxidized  form 
for  the  vacuolar  system,  diffuses  j  t v  y  . 
into  it.  If  higher  concentrations  of  \u)  (  j 

Janus  green  are  used,  it  stains  not 
only  the  chondriosomes  but  also  the  |s  * 
vacuolar  system.  The  chondriosomes 
then  remain  colored  but  the  filaments 
die  rapidly  and  do  so  generally  with¬ 
out  reducing  the  dye.  At  concen¬ 
trations  above  0.005%  the  dye  stains 
the  chondriosomes  at  first  but  rapid¬ 
ly  causes  them  to  become  vesiculate, 
then  accumulates  in  the  vacuolar 
system  as  well,  and  later  brings 
about  the  death  of  the  fungus.  Most 
of  the  other  dyes,  among  them 
methyl  violet  and  Dahlia  violet,  are 
more  toxic  and  stain  living  chondrio- 
somes  only  in  concentrations  not  exceeding  0.005%.  At  greater 
strengths  they  stain  the  cytoplasm  and  nucleus  as  well  as  the 
chondriosomes  which  become  vesiculate,  and  then  very  rapidly 

1eath  °f  the  filaments-  The  attempts  to  grow 
hein  a  ?ap™  e?nlaceae  ln  media  to  which  vital  dyes  have 
hn!  hodded’  huf  d®monstrated  the  great  toxicity  of  the  dyes.  It 

sd£H srHSrsH  ™  * 

sr~™ ,i- 

makes  them  more  yellow  than  the  cytoplasm 


b;  -v 


Fig.  32.  —  Portions  of  a  filament  of 
Saprolegnia,  showing  the  similarity  of 
TA)  living  and  (B)  fixed  tissue.  In 
the  latter  the  lipide  granules  are 
not  visible.  C,  chondriosomes;  Gg,  lip¬ 
ide  granules;  N,  nucleus.  Regaud’s 
method. 
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and  renders  them  very  apparent.  A  1-2%  solution  of  osmic  acid 
also  preserves  them  and  does  not  make  them  brown.  The  chon- 
driosomes  of  fungi,  like  those  of  animals  do  not,  therefore,  reduce 
osmic  acid  unless  followed  by  a  treatment  of  pyrogallol.  On  the 
contrary,  the  methods  of  osmic  impregnation  recommended  for 
bringing  out  the  Golgi  apparatus,  blackens  the  chondriosomes 
very  strongly  and  usually  makes  them  vesiculate  (Guilliermond). 

The  comparative  study  of  living  and  fixed  hyphae  of  the 
Saprolegniaceae  has  also  enabled  us  to  demonstrate  that  all  the 
ordinary  fixatives  containing  acetic  acid  or  alcohol  profoundly 
alter  the  chondriosomes.  Careful  observation,  however,  shows 
that  they  continue  to  exist  in  the  cytoplasm,  sometimes  in  a  very 
contracted  state,  sometimes  vesiculate,  in  which  case  they  are 
more  stainable  than  the  cytoplasm.  The  mitochondrial  fixatives, 
i.e.,  those  of  Benda,  Meves,  Regaud,  and  formaldehyde  as  well, 
preserve  the  chondriosomes,  on  the  contrary,  as  faithfully  as 
possible  in  the  forms  they  show  when  alive.  After  the  action  of 
these  last  fixatives,  the  chondriosomes  stain  clearly  with  iron 
haematoxylin,  acid  fuchsin,  and  crystal  violet.  They  behave, 
therefore,  exactly  as  do  the  chondriosomes  of  animal  cells. 

Investigations  of  Regaud,  then  of  Faur£-Fremiet,  and  of 
Mayer  and  Schaeffer  have  proved  that  the  chondriosomes  of 
animal  cells  are  made  up  of  a  lipoprotein  complex  in  which 
lipides  (phosphoaminolipides)  predominate.  Of  these  workers, 
the  last  three  named  based  their  conclusions  on  the  belief  that 
mitochondrial  fixatives  are  all  oxidizing  agents  which  transform 
the  unsaturated  fatty  acids  into  hydroxyl  acids.  These  are  only 
slightly  soluble  in  alcohol  and  xylol,  and  are  capable  of  being 
strongly  stained.  The  chromaticity  of  the  chondriosomes,  there¬ 
fore  is  due  to  the  lipide  substance  which  they  contain.  The  work 
of  GlROUD  has  shown,  on  the  other  hand,  the  presence  o  protems 
in  the  chondriosomes.  This  author  was  able  to  obtain  with: in 
these  elements  all  the  reactions  of  proteins  The?e  facts  app^y 
as  well  to  the  chondriosomes  of  fungi  as  to  those  of  animals.  As 
Tmatter  of  fact,  the  presence  of  lipides  in  the  chond™=  > 
pstablished  in  several  ways:  not  only  by  their  characteristics  o 

“S"'  - 
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cells,  composed  of  lipoproteins  m  ™  has  established  the 
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that  these  chondriosomes  do  not  give  the  nuclear  reaction  of 
Feulgen  and  furthermore,  that  their  protein  substance  has  nothing 
in  common  with  chromatin,  contrary  to  the  opinion  expressed  by 
P.  A.  Dangeard  who  has  called  them  chromatino somes. 

It  is  seen,  therefore,  that  the  study  of  the  histochemical  and 
histophysical  characteristics  of  chondriosomes  in  the  fungi  have 
completed  and  made  more  accurate  those  carried  out  on  animal 
cells  and  have  shown  that,  in  both  cases,  the  chondriosomes  behave 
in  identical  fashion. 


Chapter  VIII 


THE  CHONDRIOME  (Continued) 

The  chondriome  and  its  development  in  the  phanerogams. 
Relationships  between  chondriosomes  and  plastids.  The  facts:* 
The  first  investigations  on  this  subject  were  those  of  Pensa 
(1910).  Applying  the  Golgi  method  to  various  tissues  of  phanero¬ 
gams,  i.e.,  impregnating  sections  of  living  phanerogam  tissue 


3 


Fig.  33.  —  Development  of  chloroplasts  in  a  young  leaf  of 
the  plumule  of  barley.  1,  chondriome  in  the  basal  meristem.  2, 
cells  beginning  to  differentiate  with  some  elements  of  the  chondri¬ 
ome  showing  thickening,  and  3-5  their  transformation  into 
chloroplasts;  7,  cells  in  older  regions  showing  chloroplasts.  e, 
young  chloroplasts;  ge,  mature  chloroplast.  Regaud  s  method. 


with  silver  nitrate  followed  by  treatment  with  a  reducing  solution 
of  hydroquinone,  he  noticed  that  the  chloroplast  has  the  property 
of  reducing  silver  nitrate  and  appears  strongly  blackened  by  a 
deposit  of  metallic  silver  on  its  substratum.  Now,  while  studying 
the  chloroplasts  in  differentiating  tissues,  Pensa  stated  that  these 
elements  appear  first  as  very  small  bodies  which  present  the  form 
characteristic  of  chondriosomes  in  animal  cells.  Yet  this  author 
never  reached  the  point  of  specifying  the  origin  of  these  chon- 
driosome-shaped  elements.  He  did  not  find  them  in  tissues  ach¬ 
ing  in  chlorophyll  and  stated  that  their  property  of  reducing 
silver  nitrate  is  correlated  with  the  presence  of  chlorophyl  in 
the  substratum.  Pensa,  however,  put  forth  the  hyP°thesls 
the  chloroplasts  are  derived  from  chondriosomes 
chlorophyll  accumulates,  giving  them  the  proper  y 
silver  nitrate. 
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Without  knowledge  of  Pensa’s  work,  Lewitsky,  a  student  of 
Strasburger,  was  working  at  the  same  time  with  mitochondrial 
technique  (method  of  Meves).  Lewitsky  (1911)  showed  in  the 
bud  of  Asparagus  officinalis  that  the  chloroplasts  are  built  up  from 
minute  elements  looking  like  the  chondriosomes  of  animal  cells. 
This  investigator  concluded  therefore  that  the  plastids,  contrary 
to  the  opinion  of  Schimper,  do  not  keep  their  individuality  but 
arise  from  chondriosomes  which  Lewitsky  considers  originate,  in 
turn,  from  a  differentiation  of  the  cytoplasm. 

At  the  same  period  (1911)  and  a  little  later,  in  cells  of 
plants  belonging  to  very  diverse  groups  (phanerogam  seedlings, 
nucellus,  embryo  sac,  pollen,  asci  of  Pustularia  vesiculosa) ,  we 
were  demonstrating  by  Regaud’s  method,  the  existence  of  chon- 


F^g.  34.  —  Various  types  of  starch  formation.  1,  within  mito¬ 
chondria  in  young  potato  tuber;  2-4,  compound  grains  within 
chondrioconts  in  the  meristem  of  a  young  root  of  castor  bean: 
5-7,  compound  grains  within  chondrioconts  in  bean  root;  8,  within 
fusiform  leucoplasts  surrounding  the  nucleus;  9,  leucoplasts  show- 
lng  successive  stages  in  starch  formation.  8,  9,  from  the  root 
of  Phajus  grandifolius.  Regaud’s  method. 


driosomes  quite  similar  in  form,  as  well  as  in  histochemical  be¬ 
havior,  to  those  of  animal  cells.  Our  investigations  led  us  to 
consider,  contrary  to  the  opinion  of  Lewitsky,  that  the  chondrio- 

f rrvrn^  perr^anei^  organelles,  being  transmitted  by  division 

om  cell  to  cell  and  incapable  of  forming  de  novo.  We  were 
demonstrating  besides,  by  a  study  of  the  plumule  of  barley,  that 

somes  inScellsrofethy  ^  d!fferentiation  °f  some  of  the  chondrio- 
tuber  and  of  riu * jnenstem.  Finally  by  a  study  of  the  potato 
oer  and  ot  roots  of  various  seedlings,  notably  those  of  castor 

nl^HehWere,able  t0  Pr°ve  that  starch  never  forms  Tn  the^o 
p  asm  but  is  always  the  product  of  the  activity  of  chondriosomes 

(1912)^ and Vewitsky1^0 LSnJ )^f  ollo^^  h**  Wdl  aS  th°Se  °f  Pensa 
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that  the  great  majority  of  cytologi^ts  are  at  present  in  agreement 
m  recognizing  that  the  plastids  of  Schimper  are  derived  from 
elements  presenting  the  same  forms  as  those  of  the  chondriosomes. 

The  life  history  of  the  chondriosome  in  phanerogams  will  now 
be  studied  in  detail  by  first  following  the  formation  of  chloroplasts. 
As  the  phenomena  are  the  same  in  all  buds,  it  is  sufficient  to 
choose  a  single  example.  The  most  favorable,  because  of  the  dis¬ 
position  of  foliar  primordia,  is  the  bud  of  Elode a  canadensis,  first 
investigated  by  Lewitsky.  Afterward,  it  was  the  object  of  inten¬ 
sive  study  for  us  and  our  reports  were  confirmed  by  Friedrichs. 

If  a  longitudinal  section  of  a  bud  of  Elodea  canadensis  be  ex¬ 
amined  after  being  fixed  by  Regaud’s  method 
(fixation  by  a  mixture  of  potassium  bichromate 
and  formaldehyde,  and  staining  with  iron 
haematoxylin),  there  may  be  observed  in  the 
meristem  of  the  stem  and  in  the  youngest  foliar 
primordia,  a  chondriome  exactly  like  that  of 
many  animal  cells,  composed  of  a  mixture  of 
chondriosomes  and  granular  mitochondria. 
These  elements  have  a  diameter  of  about 
0.5-1/x.  (Fig.  36). 

By  following  successively  developed  foliar 
primordia,  there  may  be  seen  with  the  great¬ 
est  accuracy,  all  the  developmental  stages  of 
the  chondriome  and  it  may  be  observed  that 
the  chondrioconts  differentiate  into  chloro¬ 
plasts.  The  differentiation,  manifested  by  a 
"/  ^  thickening  of  the  chondrioconts,  begins  in 

vCc**  those  foliar  primordia  which  are  about  160/i 
long.  In  those  measuring  about  200/x  in  length, 
the  chondrioconts  form  little  swellings  on  their 
long  axes  in  which  a  small  starch  grain  is 
sometimes  elaborated.  As  this  grain  is  not 
stained  by  iron  haematoxylin,  it  looks  like  a 
vesicle.  Starch  grains  thus  formed  are  only 
transitory  and  soon  disappear.  The  swellings 
then  gradually  separate  by  rupture  of  the  slen¬ 
der  portions  between  them.  They  increase  in  volume  and,  in  ma¬ 
ture  cells,  take  on  the  appearance  of  large,  rounded  or  ovoid,  chloro- 

plasts  about  4-8 n  in  diameter.  These  are  di5stin^1®he(J.from,  ^ 
chondrioconts,  from  which  they  arose,  by  the  modification  which 
they  have  undergone  in  their  chemical  qualities  which  gives  them 
a  special  resistance.  They  are  preserved  by  all  the  fixatives  whic 
destroy  the  chondriosomes.  Henceforth  these  chloroplasts  often 

elaborate  large  starch  grains.  i„r  mito- 

a  small  scale  made  up  of  a  group  of  cells  in  which  there  no  p 


Fio.  85.  —  A  compari¬ 
son  (A)  of  the  chondri¬ 
ome  of  the  vegetative 
point  of  Elodea  eanaden - 
tit  with  (B)  that  of  the 
liver  of  a  mouse.  Re- 
gaud's  method.  X  8,000. 
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duction  of  chlorophyll.  In  these  cells,  the  chondriome  always  keeps 
the  characteristics  which  it  shows  in  the  meristem.  It,  therefore, 
remains  undifferentiated,  made  up  of  a  mixture  of  mitochondria 
and  thin  chondrioconts. 

These  phenomena  may  be  verified  in  fresh  material  by  studying 


the  bid'  of'  f7orf,eVel0Dnient  °f  the  tW0  cate*°rie*  of  chondriosomes  in 

at  “I! - 
nzs’&it  Si  « : 

come  rods  or  chondrioconts-  6  ll’<W»,-|  k*  ^  mit°chondria  have  be- 
events.  C.  level  at  which  cbloi’.  ^  ,  sh?wm*  the  same  sequence  of 
driosomes  in  Fig.  n.  Regaud’s  method ^  °P  ‘n  ^  als°  chon* 


teration*  taking  place  wUhtaHs  cellsT  “m 

m  rasps 

“hfoSr  w&rrr  s 

show  only  a  confusedly  granular  cytoplasm^  wft  is^ssTb.e 
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to  distinguish  the  chondriome.  It  is  only  in  foliar  primordia  in 
which  the  chlorophyll  is  beginning  to  appear  that  the  chondrioconts 
are  visible.  They  are  here  impregnated  with  chlorophyll  and  all 
the  forms  can  be  followed  in  sequence  from  these  elements  to  the 
large  chloroplasts  of  mature  cells.  The  other  chondriosomes,  how¬ 
ever,  are  difficult  to  distinguish.  The  cells  of  the  mature  leaves 
are,  on  the  other  hand,  very  transparent  and  very  favorable  for 


Pm  87.  —  Development  of  the  chondriome  in  the  castor 
bean  root.  1-6.  meristem;  7-11.  differentiating  cells  plasms 
forming  starch:  12.  differentiated  parenchyma  cell  of  the  central 
cylinder.  Regaud’s  method. 

the  study  of  living  cells.  In  them  can  be  seen  all  that  Regaud  s 
method  brings  out  and  it  is  possible  to  distinginsh  mth  gre^ 
clearness  within  the  hyalin,  homogeneous  cytoplasm,  chlo 

plasts  often  in  the  process  of  dividing,  interspersed  with  chondno- 
conts  whose  slightly  higher  refractivity  distingu.shes  them  from 

tHe IUsl'asiTy  possible  to  follow  the  formation  of  chloroplasts  by 
a  study  of  ^development  of  the  chondriome  in  other  buds, 
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wards  separate  and  then  elaborate  a  grain  of  transitory  starch. 
It  is  not  until  this  is  absorbed  that  the  swellings  increase  in  vol¬ 
ume  and  take  on  their  characteristic  appearance  of  large  chloro- 
plasts. 

The  living  root  of  Elodea  does  not  lend  itself  to  study.  On  the 
other  hand,  Regaud’s  method  brings  out  in  the  meristem  a  chondri¬ 
ome  entirely  similar  to  that  of  the  vegetative  tip.  During  the 
differentiation  of  tissues  all  that  can  be  observed  is  that  a  certain 
number  of  elements  of  the  chondriome,  especially  the  chondrioconts, 
without  modifying  their  form  or  chemical  quality,  elaborate  little 
starch  grains  along  their  long  axes,  but  this  elaboration  is  not  very 
active.  When  the  root  is  exposed  to  light,  on  the  contrary,  there 
are  formed  in  the  course  of  cell¬ 
ular  maturation  and  by  differen¬ 
tiation  of  a  part  of  the  chondrio- 
somes,  chloroplasts  similar  to 
those  in  the  stem  and  leaves. 

A  study  of  the  root  of  the 
castor  bean  (Figs.  37,  38)  is 
more  profitable  and  will  serve  as 
an  example  here.  The  chondriome 
of  cells  of  the  meristem  is,  here 
also,  composed  of  a  mixture  of 
granules,  rods  and  chondrio¬ 
conts.  In  the  central  cylinder,  a 
part  of  these  elements,  especial¬ 
ly  the  chondrioconts,  elaborate 
small  starch  grains  directly.  On 
the  long  axis  of  the  chondrio¬ 
conts,  there  are  seen  to  form  small 
vesiculate  swellings  occupied  by 
a  sort  of  vacuole  which  corre¬ 
sponds  actually  to  a  starch  grain 
left  colorless  by  Regaud’s  tech¬ 
nique.  Soon,  around  this  small 
starch  grain,  others  are  seen  to  appear  which  give  a  spongy  ap- 
pearance  to  the  swellings  and  thus  a  compound  starch  grain  is 
produced.  This  increases  in  size  little  by  little  while  remaining 
surrounded  by  a  thin  mitochondrial  layer  prolonged  to  a  sort  of 
tail,  the  remaining  portion  of  the  chondriocont.  In  the  cells  of 
the  cortex,  on  the  contrary,  some  of  the  elements  of  the  chondri¬ 
ome  differentiate  by  thickening  slightly  and  it  is  not  until  after 

Thus^someTflh^  tbey  elaborate  starch  as  first  described, 
thus,  some  of  the  elements  of  the  chondriome  elaborate  starch 

enmgshght%r0leit1;'lmyl0'JiaSK(eith\r  immediately.  °r  after  thick- 
starch  hv  t,™r  t v,  Sy  t0  obtam  the  characteristic  reaction  for 

1  .u  .u  1  tlng  the  Preparation  obtained  by  Regaud’s  method 
T  the  reagent  iodine-potassium  iodide.  The  chondHocont  is 

stained  by  the  haematoxylin  while  the  starch  grain  becomes  vpiL 
■sh  brown,  due  to  the  action  of  the  xylo,  which  turns  ye.low  th; 


Fig.  38.  —  1,2, 3A,  the  chondriome  in  the 
castor  bean  root.  3B,  in  the  bean  root.  1, 
portion  of  a  parenchymatous  cell  of  the 
central  cylinder  showing  the  nucleus  sur¬ 
rounded  by  chondriosomes  (C)  and  amylo- 
plasts  (A);  2,  amyloplasts  containing  com¬ 
pound  starch  (a)  in  a  similar  cell;  3,  less 
highly  magnified  stages  in  the  formation  of 
starch  by  the  chondriocont-shaped  amyloplasts. 
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starch  grains  stained  by  the  iodine.  Moreover,  simultaneous  stain¬ 
ing  of  the  starch  and  the  chondriocont  may  be  obtained  by  various 
more  complicated  processes.  Milovidov,  especially,  has  shown  how 
to  make  such  permanent  preparations.  These  methods  are  much 
more  delicate  and  do  not  give  constant  results. 

Starch  formation  takes  place  in  the  same  way  in  the  greatest 
variety  of  tissues  which  are  without  chlorophyll :  roots,  tubers, 
epidermis.  Yet  there  are  cases,  as  in  the  tuber  of  the  potato,  in 
which  the  chondriome  is  represented  only  by  mitochondria  which 
elaborate  starch  after  having  undergone  a  slight  increase  in  vol¬ 
ume.  In  such  cases  they  take  on  the  appearance  of  vesicles,  due 
to  the  production  in  their  interior  of  a  starch  grain  which  mito¬ 
chondrial  methods  do  not  stain.  Sometimes  the  chondrioconts 
which  will  later  elaborate  starch  may  acquire,  before  its  production, 
a  much  more  marked  increase  in  volume  which  makes  it  possible 
to  distinguish  them  very  clearly  from  the  other  chondriosomes  in 

the  mature  tissue.  This  is 
seen,  for  example,  in  the  root 
jT^k  of  Phajus  grancLifolius  in 

which  by  following  the  meri- 
M  B  stem  to  the  region  of  differ- 
entiation,  it  is  seen  that  some 
MbHfl  of  the  chondrioconts  take  the 
form  of  rods  or  spindles. 
These  chondrioconts  are  very 
clearly  bigger  than  the  chon¬ 
driosomes  which  continue  to 
exist  side  by  side  with  them 
but  without  increasing  in  size. 
These  enlarged  elements  cor¬ 
respond  to  the  amyloplasts 
described  by  Schimper  and 
Meyer,  through  the  agency  of  which  the  grains  of  starch  arise.  It 
seems  that  the  increase  in  volume  is  due  to  the  formation  in  the 
chondriocont  of  a  needle-shaped  protein  crystal  lying  along  the 
long  axis  of  the  element,  whose  contours  follow  that  of  the  crys¬ 
tal.  In  other  cases  the  amyloplasts  assume  the  appearance  in 
mature  cells  of  rather  long  rounded  bodies  (hairs  of  Tradescantia 
virginiana).  It  may  be  added  that  the  simple  or  compound  starch 
grains  instead  of  arising  in  the  center  of  the  swelling  of  the  chon- 
driosome,  chondriocont,  or  mitochondrium,  may  form  on  its  periph¬ 
ery.  The  chondriosome  then  bears  a  vesicle  whose  wall  is  much 
thicker  on  one  side  than  on  the  other.  The  starch  grain  w  1C 
occupies  the  vesicle  increases  in  size  and  ends  by  bursting  out  o 
the  chondriosome  which  is  thus  reduced,  little  by  little,  to  a  thin 
cap,  covering  the  starch  grain  in  the  region  most  distant  from 
hilum  (potato  tuber,  root  of  Phajus  grandifohus).  The  starch 
grain  thus  formed  no  longer  remains  surrounded  by  a  continuous 
mitochondrial  layer  as  in  the  preceding  case  (Figs.  40,  41). 
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Fio.  39.  —  Stages 
potato  tubers. 


in  starch  formation  in 
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It  is  difficult  to  check  these  phenomena  by  observation  of  living 
material.  Roots  in  general  do  not  lend  themselves  to  this  type  of 
investigation.  On  the  other  hand,  in  the  course  of  our  research, 
we  have  found  exceptionally  favorable  examples  in  which  the  entire 
process  of  elaboration  of  starch  can  be  followed  with  remarkable 
accuracy  in  living  cells.  In  a  fragment  of  the  epidermis  of  the 
anther  of  a  young  flower  of  Iris  germanica  examined  in  Ringer’s 
solution,  a  chondriome  is  observed  with  great  clearness,  composed 
of  thin,  elongated,  and  undulating  chondrioconts  which  sometimes 
branch,  interspersed  with  granular  mitochondria  and  short  rods.  In 
some  cells  there  is  no  elaboration  of  starch;  in  others  there  may 
be  seen  several  stages  in  the  formation  of  small,  compound,  very 
refractive  starch  grains  on  the  long  axis  of  the  chondrioconts. 
Similar  phenomena  may  be  observed  in  epidermal  cells  of  the 
leaves,  of  the  bracts,  and  of  all  very  young  floral  parts.  At  later 


,Successive  staK«»  In  the  formation  of  leucoplasta  in  the 
root  of  Phajus  orandifohus.  Regaud’s  method. 

R.  T10'  ,41  (r>*ht)-  —  Leucoplasta  from  the  root  of  Phajus  orandifoliu*  showing 
starch.  1.  central  cylinder;  2.  cortical  parenchyma.  Regaud’s  method 


Within  n,deTe  °Piment  IS  s®.en  that  the  starch  grains  are  absorbed 
rth™  tbe  chondrioeonts  which  persist  after  the  disappearance  of 

chond  riocnn  ^  44)’,K  canals0  be  seen  in  these  same  cells  that  the 
chondrioconts  are,  at  certain  stages,  the  seat  of  a  production  of 

Ss  ofStheirrdUC1tng.lipide  gIobules-  dearly  visible  on  the  long 
axis  of  these  elements  because  of  their  strongly  refractive  nower 

freonePntanU  th  WhlCh  0ften  comPlete'y  fill  the  chondriocont  are  very 
frequent  in  the  monocotyledons.  They  can  not  be  considered  Z 

“I  o/lSsn^dIdeYdth  (Meyer)>  for  they  present  char- 
acienstics  oi  lipides  and  not  those  of  aldehydes  The  fnef 

mwmmmm. 
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ments  begin  to  form,  except,  however,  in  certain  regions  where  they 
persist  during  the  entire  life  of  the  cells.  Do  they  represent  an 
intermediate  product  from  which  starch  and  pigments  are  built 
up,  or  do  they  result  from  a  breaking  down  of  the  lipoprotein  com¬ 
plex  which  makes  up  the  plastids  (lipophanerosis)  ?  It  is  difficult 
to  say.  In  any  case,  these  granules  reappear  in  large  numbers 
in  the  plastids  at  the  moment  when  the  flower  begins  to  form. 
They  are  in  this  case  products  of  disintegration  of  the  plastids  and 
mark  the  beginning  of  plastidial  degeneration. 

The  epidermal  cells  of  perianth  parts  of  the  tulip  are  also  par¬ 
ticularly  favorable  objects  for  observation  of  the  living  chondri- 
ome  and  in  them  it  is  possible  to  follow  the  formation  within  the 
chondrioconts  of  a  yellow  pigment,  xanthophyll.  In  the  white  tulip, 
for  example,  the  chondriome  can  be  observed  very  clearly  in  a  frag- 


FlC  42  (left).  —  Epidermal  cells  of  living:  young:  anther  of  Iris  germarnca, 
showing  refracting  mitochondria,  chondrioconts  and  strongly  refracting  lip.de 
granules.  The  two  lower  cells  contain  chondrioconts  with  small  compound 
starch  grains  (A)  on  their  long  axes. 

Fig  43  (right).  —  Epidermal  cells  of  leaves  of  Iris  germanica.  A  comparison 
of  the  chondriome  in  (b)  a  living  cel.  with  (a)  one  “ 

Gl,  lipide  granules:  A,  starch. 


ment  of  the  epidermis  of  the  perianth.  It  is  made  up  of  a  con¬ 
siderable  number  of  very  elongated  chondrioconts  and  granu  a 
"ondna  The  base/of  the  perianth  parts  are  ahnos  always 
yellow  and,  on  examining  the  epidermis  in  this  region,  it  is  se 
fW  it  is  the  chondrioconts  which  serve  as  substratum  for  the 
xanthophyll  pigment  and  consequently  represent  the  chromop  as 
The  Zochondria,  on  the  contrary,  remain  colorless  In  yeHow 
flowers,  however,  the  chondrioconts  m  all  parts  of  the  epidermis 
appear  yellow  becanse  of  the  xanthophylL^  ^  ^  Qf  the  ex0. 
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lowed  A  study  of  the  latter  can  hardly  be  made  from  preparations 
where  the  mitochondrial  technique  has  been  used,  for,  although 
the  plastids  are  stained,  there  is  no  indication  as  to  what  pigments 
they  contain.  So  in  the  flower  of  Clivia  nobilis,  it  can  be  seen  that 
the  orange-red  pigment,  carotin,  arises  directly  from  chondrio- 
conts.  Small  starch  grains  are  first  elaborated  and,  at  the  moment 
when  these  are  absorbed,  the  carotinoid  pigment  arises  in  the  in¬ 
terior  of  the  chondrioconts  as  small  grains  or  more  especially  as 
long  needle-shaped  crystals.  In  the  flower  of  Sternbergia  the 
chondrioconts  form  several  acicular  crystals  of  carotin  which  give 
them  the  appearance  of  thick  spindles.  In  other  cases,  the  chondrio- 
somes  in  which  the  pigment  will  form  are  always  chondrioconts 


Fig.  44  (left).  —  Development  of  leucoplasts  in  living 
epidermal  cells  in  leaves  of  Iris  pallida.  1,  lipide  granules 
( GG )  within  the  leucoplasts  (chondrioconts)  in  a  young  leaf; 
2,  detail  of  leucoplasts;  3,  later  stage,  leucoplasts  containing 
starch  (A);  4,  absorption  of  starch,  diminution  in  lipide 

granules;  5,  leucoplasts  without  starch  containing  lipide  gran¬ 
ules  in  adult  leaf. 

Fig.  45  (right).  —  Living  epidermal  cells  of  a  petal  of 
white  tulip.  At  left,  from  a  young  flower;  at  right,  from  a 
mature  flower.  C,  chondriosomes;  Chr,  chromoplasts;  GL, 
lipide  granules;  O,  fatty  body. 


enclosing  small  starch  grains.  When  these  are  absorbed,  small 
vesiculate  swellings  enclosing  a  watery  liquid  are  formed  on  the 
long  axis  of  the  chondriocont.  Small  grains  of  carotin  appear  on 
the  waHs  of  these  vesicles  which  later  become  isolated  by  rupture 

ThPvetwnder  reglons  of„the  chondriocont  which  separate  them, 
they  then  appear  as  small  rounded  vesiculate  chromoplasts  (peri- 

th^nfn  he  f*m\ 0,{As/Pa'!’a9us  officinalis  and  of  Arum  italicum) .  In 
the  epidermis  of  the  perianth  of  Iris  germanica  the  phenomena  are 

e  ™ore  complicated.  The  yellow  pigment,  xanthophyll  first 
ppears  in  a  diffuse  state  in  the  chondrioconts  which  contain  small 
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starch  grains.  Then,  when  the  starch  is  absorbed,  the  chondrio- 
cont  thickens  at  the  same  time  that  large  vesicles  appear  along  the 
element.  These  may  disjoin  by  a  rupture  of  the  more  slender  por¬ 
tions  of  the  chondriocont  which  connects  them,  so  that  vesicular 
chromoplasts  are  formed  with  tails  of  varying  lengths.  In  other 
cases  the  pigment  begins  to  appear  in  chondrioconts  which  increase 
their  dimensions  proportionally  as  the  pigment  develops,  until 
they  have  been  transformed  into  large  chromoplasts  of  the  same 
form  and  dimensions  as  chloroplasts. 


Fio  46  (left).  —  Transformation  of  chondrioconts  into  chromoplasts  in  living  epidermal 
cells.  1.  formation  of  starch  in  very  young  petals;  2.  starch  being  absorbed  and  replaced  by 
small  granules  and  needle-shaped  carotinoid  pigment  in  older  petals;  4-  the  “m*c  n 
but  young  flower;  6,  chromoplasts  in  an  older  flower.  1.  2,  Clivxa  nobiltt.  .  . 

flora. 

Fio  47  (rieht)  —  Development  of  chromoplasts  in  living  cells  of  the  fruit  of  Atparagut 

sK  SAL 

to  form  round  vesiculate  plastids  containing  carotin  granules  which  tend  to  f  s  .  , 

plasts  and  chondriosomes  in  a  cell  of  the  pericarp  of  a  nearly  ripe  fruit. 

Xanthophyll  always  seems  to  be  diffuse  in  the  substratum  of 
the  plastid  or  else  in  the  state  of  indistinct  granules  Its  iso¬ 
mer,  rhodoxanthin,  on  the  contrary,  appears  as  isolated,  clearly 
distinguishable  granules.  This  is  true  of  carotin  and  Iycop.n 
if  they  are  not  in  crystalline  form.  When  crystalline,  the  crystals 
give  widely-differing  shapes  to  the  chromoplasts.  These  facts  show 
that  whenever  the  chromoplasts  do  not  arise  by  metamorphosis  of 
the  (Si  as  in  the  parenchymatous  tissue,  studied  especially 
by6  Schimper,  Meyer,  and  Coukchet  they  arise  from  chondno- 
conts  which  have  first  elaborated  starch. 
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The  very  best  material  for  the  study  of  living  cytoplasm  is  to 
be  found  in  the  epidermal  cells  of  flowers  and  various  organs  of 
the  monocotyledons,  those  of  Iris  and  tulip  among  others,  as  well 
as  in  the  bulb  scales  of  Allium  Cepa,  which  will  be  taken  up  later, 
and  in  the  Saprolegniaceae  which  have  just  been  studied.  On  these 
forms  we  have  been  able  to  make  the  most  accurate  observations  of 
the  chondriosomes  that  it  has  been  possible  to  make  up  to  the 
present  time. 

We  have  been  able  to  show,  by  a  comparison  of  these  observa¬ 
tions  with  those  on  fixed  and  stained  cells,  that  the  mitochondrial 
methods  preserve  the  cytoplasm  and  its  morphological  constituents, 
the  chondriosomes  and  plastids,  in  a  manner  as  faithful  to  the 
form  they  present  in  life  as  it  is  possible  to  have  it  done.  These 
‘observations  permitted  us, 
also,  to  specify  the  histo- 
chemical  and  histophysical 
characters  of  the  elements. 

This  will  be  taken  up  later. 

We  have  studied  the 
chondriome  very  accurate¬ 
ly  during  the  formation  of 
the  embryo  sac  and  of  pol¬ 
len  grains  in  the  Liliaceae 
and,  in  particular,  in  Lili- 
um  candidum.  In  the  young 
ovary,  all  the  cells  of  the 
nucellus  present  a  chondri¬ 
ome  made  up  of  a  mixture 
of  chondrioconts  and  of 
mitochondria.  The  embryo 
sac,  which  arises  from  a 
cell  of  the  nucellus,  first 
shows  a  chondriome  simi¬ 
lar  to  that  of  other  cells  of  _ ... 

™JiST’  then’-  in  thu  Course  of  its  differentiation,  at  the  mo- 
ffe”  synizesis  begins,  it  is  observed  that  a  part  of  the 
Chondrioconts  thicken  and  form  small  swellings  on  their  long  axes 
These  grow  little  by  little,  often  detach  themselves  from  the  chon: 
dnocont  in  which  they  rise  by  rupture  of  the  thin  portions  which 
connect  them,  then  enlarge  greatly,  and  take  on  a  crystalline  ap- 
pearance.  This  seems  to  be  due  to  the  production  in  their  interior  of 

KCrySta  °idSu  These  plastids>  which  we  have  called  vroteo 
plasU,  because  of  their  ability  to  elaborate  protein,  then  appear  to 
be  digested  in  the  cytoplasm  and  their  protein  is  tfino  ,,+u* 

*” ih*  ■"  «»  ~»p  ~ 


Fio.  48.  —  Development  of  chromoplasta  in  cell*  of 
the  petals  of  Iris  germanica.  1,  very  young  stage 
showing  colorless  chondriocont-shaped  plastids  and 
granular  chondriosomes;  2,  the  starch-bearing  plas¬ 
tids  begin  to  fill  with  xanthophyll;  3.  the  starch  is 
absorbed  as  the  chromoplasts  increase  in  size;  4, 
mature  cell  with  variously  shaped  chromoplasts.  most 
of  them  showing  vesiculate  swellings. 
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the  chondriome,  consisting  of  a  mixture  of  chondrioconts  and  mito¬ 
chondria,  undergoes  no  modifications  during  the  development  of 
the  embryo  sac1.  (Figs.  49,  50,  51,  52). 

In  the  sporogenous  cells  of  the  pollen  grains  of  Lilium  can- 
didum,  the  chondriome  is  seen  clearly  as  short  rods  and  granules. 
In  the  pollen  mother  cells,  only  mitochondria  are  to  be  found. 
Beginning  with  the  period  of  synizesis,  some  of  these  mitochondria 
which  are  to  become  amyloplasts,  undergo  a  slight  increase  in  size, 
then,  at  the  time  of  the  heterotypic  mitosis,  they  elongate  into 
chondrioconts  and  afterwards,  in  the  pollen  grains,  break  up  into 
mitochondria.  The  remainder  of  the  mitochondria  are  unchanged 
from  the  beginning.  When  the  pollen  grain  is  mature,  only  gran- 


Fig.  49  (left).  —  Embryo  sac  of  Lilium  candidum  at  the 
beginning  of  differentiation.  X  1500.  Regaud’s  method. 

Fig.  60  (right).  —  Formation  of  proteoplasts  in  the  embryo 
sac  of  Lilium  candidum  at  the  end  of  the  second  mitosis.  Regaud  ■ 
method. 

ular  mitochondria  are  found,  among  which  a  few  larger  than  t  e 

others  elaborate  compound  starch  grains.  , 

Other  investigators  of  the  development  of  the  chondriome  dur¬ 
ing  the  formation  of  pollen  in  other  plants  have  produced  data 
more  or  less  analogous  (Wagner,  Mascre,  ^atchenk<^ou^ 
Prosina,  Mrs.  LUXEMBURG,  Krupko,  Miss  Py).  Recently  there 
has  appeared  Lewis  Anderson’s  very  good  work  on  the 
merit  of  pollen  in  Hyacinthus  orientahs.  £0™io. 

losi-Roncati,  Wagner,  and  others  have  shown  that  the  chon 
somes  in  the  spore  mother  cells  of  some  species  may  collect  m  a 
comDact  mass  which  surrounds  the  spindle  as  a  sort  of  mantle  uu 
ing1  the^ heterotypic  division  and  divides 

same  time  as -the  nucleus.  The  significance  of  this  group  g 
chondriosomes  is  not  clear  and  one  wonders  if  it  does  not 

spond  to  an  alteration.  ,  „  0f  the  em_ 

bryo  befor^the'matmSio^of'thTseed  Indite  seed  in  the  dor- 

-  ,  .  fnr  the  embryo  sac  of  the  hyacinth. 

1  Lewis  Anderson  finds  this  is  also  the 
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mant  state  (Guilliermond,  Wagner).  Some  of  the  chondrio- 
somes  later,  at  germination,  form  the  amyloplastS  of  the  root  and 
the  chloroplasts  of  the  chlorophyll-bearing  organs  (leaves,  etc.). 
It  has  been  proved  by  our  research  that  chondriosomes  exist  per¬ 
manently  in  all  phanerogam  cells  and  that  they  are  transmitted  by 
division  from  one  cell  to  the  next. 


Fig.  61.  —  Portion  of  the  embryo  sac  of  Lilium  candi- 
dum.  1,  2,  stages  in  the  development  of  the  plastids 
(P)  and  the  mitochondria  (M) ;  3.  digestion  in  the 

plastids. 

The  origin  of  plastids,  which  for  so  long  remained  obscure  in 
the  phanerogams,  is  now  well  known,  through  the  use  of  mito¬ 
chondrial  techniques,  by  means  of  which  a  chondriome  has  been 
demonstrated  in  embryonic  cells  analogous  to  that  in  animal  cells. 
The  entire  life  history  of  this  chondriome  has  been  followed  and 
it  has  been  shown  that  events  take  place  as  if  the  plastids  arose 
by  differentiation  of  some  of  the  elements  of  the  chondriome. 


4 


2 


3 


If.  ^.tu7  Odense.  1.  sporogenous  cells-  &  spore  mother  1l  ‘  6  f°rmat,°n  of  pol,en 
slightly  larger  than  other  chondriosomes-  3  ln  syn,zesis.  leucoplasts  appeal 

4.  anaphase;  5.  pollen  grain,  leucoplasts  ’slfghUy^ar^  theUC0^aStS  beCOme  chondrioconts; 

m  development  of  compound  starch  grains.  than  °ther  chondriosomes,  various  stages 

tion  of  chondriosomes  about  th^nucka^^fig^ref  C”f &  tl*48  *°etidus •  synizesis;  2.  accumula- 

generative  cell.  (After  Miss  Py).  ^  ^  °f  the  first  division;  3.  pollen  grain;  4. 


of  chondriosomes  during^JrtUi^aUon^ ^It^ViP118  iS  the  behavic 
the  chondriosomes  of  male  origin  participate  in“th  wheth<; 
In  a  recent  work,  however,  Lewis’ 
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served  that  in  Hyacinthus  orientalis  the  facts  are  in  favor  of  a 
passage  of  the  chondriosomes  of  male  origin  into  the  egg.  Kiyo- 
HARA,  almost  at  the  same  time,  described  in  certain  phanerogams 
the  passage  of  plastids  from  the  pollen  tube  into  the  oosphere. 
More  recently  still,  Mangenot  in  gymnosperms  (Pine)  was  able 
to  follow  the  course  of  the  chondriosomes  of  male  origin  because 
of  their  size  which  is  greater  than  that  of  the  chondriosomes  of 
the  oosphere.  All  the  chondriosomes  of  the  pollen  tube  and 
oosphere  are  in  the  form  of  mitochondria  but  those  in  the  pollen 
tube  are  larger,  and  can  be  followed  during  their  penetration  into 
the  oosphere  during  fertilization,  and  can  be  recognized  after  fer¬ 
tilization  has  taken  place.  During  the  development  of  the  em¬ 
bryo,  however,  the  chondriosomes  of  male  origin  remain  in  that 
portion  of  the  oosphere  which  does  not  contribute  to  the  formation 
of  the  embryo  and  which  will  later  degenerate.  Therefore  there 
does  not  seem  to  be  any  mixing  of  chondriosomes  of  male  and  of 
female  origin. 


Chapter  IX 

THE  RELATIONSHIP  BETWEEN 
CHONDRIOSOMES  AND  PLASTIDS 


Interpretations:-  It  was  logical  to  admit  from  the  facts  already 
displayed,  which  have  been  verified  by  many  observers,  that  the 
plastids  described  by  Schimper  arise  by  differentiation  of  some  of 
the  elements  of  the  chondriome  during  cellular  development.  This 
opinion,  which  had  been  maintained  from  the  beginning  by  many 
workers,  notably  Pensa  (1910),  Lewitsky  (1912-1913),  Foren- 
bacher  (1912),  Maximov  (1913),  and  which  we  ourselves  were 
among  the  first  to  formulate  in  our  early  work,  is  still  held  by 
Lewitsky  and  his  school  (1925-1927),  Alvarado  (1918-1925), 
Motte  (1928),  Gatenby  and  his  collaborators  (1930),  Jutta  VON 
Lorn  (1930),  Chalaud  (1923),  Lewis  Anderson  and  others.  It 
was  adopted  by  Wilson  in  his  book,  The  Cell  in  Development  and 
Heredity  (1925).  Still  the  opinion  has  been  variously  expressed. 
Thus,  for  certain  investigators  such  as  Lewitsky  and  Randolph, 
the  chondriosomes  are  not  permanent  components  of  the  cytoplasm 
but  form  de  novo  from  it.  Our  first  interpretation  was  quite  con¬ 
trary  to  this.  Not  having  recorded  any  fact  which  would  permit 
us  to  think  that  the  chondriosomes  can  arise  by  differentiation 
from  the  cytoplasm,  we  had  from  the  beginning  considered  them 
as  permanent  components  of  the  cell,  incapable  of  forming  other- 
wise  than  by  division  of  pre-existing  chondriosomes.  Therefore 
at  that  time  we  considered  the  plastids  of  the  phanerogams  as  a 
variety  of  chondriosome,  differentiated  in  the  course  of  cellular 
development  and  having  a  special  function.  The  plastids,  there¬ 
fore,  we  believed  belonged  to  a  much  more  general  category 
present  in  every  cell,  whether  plant  or  animal.  Then  too  the 

Schimper  Mw  formalated  was  only  an  extension  of  that  of 
himper  and  Meyer  and  in  no  way  contradicted  it  It  is  this 

SamaiFi?'nt  uf,view  which  Meves  and  Alvarado  adopted 

Althoiigh  based  on  incontestable  facts,  this  theory  however 
raises  very  senons  theoretical  difficulties,  for  it  can  onlj  be  apnlied 
higher  plants  In  fact,  although  in  the  phanerogams  the  oriein 
wasPno  t  fhad t£eeVor  %><”*  time  only  imperfecUy  known  ihis 

awssttarar**  -r?  ■'  *“h 

different  from  the  chloroplasts  of  the  nhn  ^  be  considered  as 
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over,  in  the  algae,  bryophytes,  and  pteridophytes,  all  the  interme¬ 
diate  stages  between  this  chloroplast.  of  special  form  and  chloro- 
plasts  such  as  exist  in  the  phanerogams.  Now  the  research  of 
Randolph  has  demonstrated  in  Vaucheria,  which  contains  chloro- 
plasts  similar  to  those  in  phanerogams,  that  these  chloroplasts  are 
found  in  all  parts  of  the  thallus  at  the  same  time  as  the  chondrio- 
somes.  Our  work  on  Spirogyra  showed  the  chondriosomes  to  be 
constantly  present  and  distinct  from  the  single  permanent  chloro¬ 
plast  which  is  characteristic  of  this  alga.  The  work  of  Sap£hin, 
of  Scherrer,  and  of  Mottier  showed  that  in  the  bryophytes,  too, 
chlorophyll  seems  to  persist  in  all  stages  of  development,  and  that 
all  cells,  even  the  egg  and  apical  cell  of  the  vegetative  shoot,  con¬ 
tain  both  chloroplasts  and  chondriosomes. 
There  even  exists,  in  this  group,  the  genus 
Anthoceros  in  which  each  cell  contains 
only  one  single  crescent-shaped  chloro¬ 
plast  adhering  to  the  nucleus.  Coexistent 
with  this  organelle  there  are,  however, 
numerous  chondriosomes.  There  can  not, 
therefore,  be  found  in  these  plants  any  ge¬ 
netic  relationship  between  the  chloroplasts 
and  the  chondriosomes.  It  is  to  be  added 
that  in  centrifuging  the  cells  of  various 
algae  and  cells  of  Elodea  canadensis  in  the 
process  of  division,  Borovikov  was  able 
to  obtain  cells  without  chloroplasts  but 
containing  chondriosomes.  He  was  never 
able  to  observe  in  these  cells  any  trans¬ 
formation  of  chondriosomes  into  chloro¬ 
plasts.  These  contradictory  facts  there¬ 
fore  must  be  explained. 

Rudolph  (1911),  Scherrer  (1913), 
SAPfiHiN  (1913),  Arthur  Meyer  (1914- 
1921)  and  Noack  (1921)  protested,  not 
altogether  disinterestedly,  against  the 
new  results  obtained  in  the  phanerogams 

by  mitochondrial  technique  which  at  least  in  “PPff  ™n“’  ie®T° 
invalidate  the  classical  theory.  They  d.d  not  hesitate  £  confer 
the  chondriosomes  and  plastids  as  inherently 
To  explain  the  phenomena  in  the  phanerogams,  Rudoli  ,  ER 
and  Sap£hin  report  that  in  the  menstematic  cells  of  these  plants, 
the  plastids  and  the  chondriosomes  stain  in  the  same  way  with 

' 'sXn  believe TheyVcome  dumb-bell  shaped  and  are 
thereby  confused  with  the  enlarge 

Tap jTaTi^ 

with  the  chondriosomes,  since  the  latter  keep  meir  g 


FiO.  64.  —  Portion  of  a  fil¬ 
ament  of  Vaucheria;  division 
figures  of  the  chloroplasts 
(C)  and  of  the  chondrio¬ 
somes  <Af).  (After  Mance- 
NOT). 
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and  dimensions.  Scherrer  and  Sapehin  think,  furthermore,  that 
chondriosomes  are  not  permanent  elements  of  the  cytoplasm  but 
that  it  is  more  probable  that  they  are  merely  reserve  products. 
Meyer,  who  was  the  instigator  of  this  opinion,  attributed  to  the 
chondriosomes  a  ferronuclein-like  constitution  and  called  them 
Allinantes.  Noack  has  carried  this  idea  further  and  maintains 
that  there  is  not  the  least  morphological  or  histochemical  resemb¬ 
lance  at  any  time  between  Chondriosomes  and  plastids.  He  finds 
chloroplasts  even  in  the  meristematic  cells  of  buds  of  Elodea  cana¬ 
densis  and  shows  them  to  be  different  histochemically  from  the 
chondriosomes,  for  they  are  preserved  by  all  the  fixatives  which 
destroy  chondriosomes. 

Jaretzky,  in  his  German  edition  of  Sharp’s  book,  Einfiihrung 
in  die  Zytologie  appears  to  be  of  the  same  opinion,  an  opinion  ex¬ 
pressed,  moreover,  with  insufficient  knowledge  of  the  question. 
Geitler  takes  the  same  stand  ( Grundriss  der  Zytologie)  and  also 


Fio.  55.  —  Anthocero8.  C,  chondriosomes;  P,  plastid.  (After 

Scherrer)  . 


Kuster.  The  latter,  particularly  in  Die  Pflanzenzelle,  tends  to  con¬ 
sider  the  chondriosomes  as  heterogeneous  formations  resulting 
from  cellular  metabolism. 

P.  A.  Dangeard,  having  made  observations  exclusively  on  liv¬ 
ing  material,  first  thought,  as  will  be  shown  further  on,  that  the 
formations  described  as  chondriosomes  belonged  to  the  initial  forms 
of  the  vacuolar  system  (vacuome,  p.  149)  and  that  the  refractive 
granules  corresponded  to  the  microsomes  of  early  authors. 
These  are  encountered  in  all  cells  and  will  be  discussed  later  (p 
203).  According  to  Dangeard,  the  plastids,  therefore,  bear  no 
relation  to  these  dissimilar  formations,  the  chondriosomes.  How¬ 
ever,  after  more  profound  studies  with  mitochondrial  technique 
Dangeard  was  obliged  little  by  little  to  renounce  his  fnmior 


plasts1. 
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Mottier  (1918)  finds  that  plant  cells  containing  chlorophyll 
constantly  enclose  plastids  and  chondriosomes  which  stain  in  the 
same  way.  In  meristematic  cells  of  phanerogams  he  finds  these 
two  categories  of  elements  have  the  same  form  and  are  very  diffi- 


l 


B 


PlO  66  _  A.  Development  of  chloroplasts  in  aerial  root  of  Chloro- 

phytum  SUmberoinnum  (After  Meves).  1.  meristematic  cell,  the 
chondriosomes  represented  by  chondrioconts  (P)  only,  the  arranu  es  (  m 
Meves  believes  to  be  metabolic  products:  2-6.  successive  stages  in  the 
transformation  of  chondrioconts  into  chloroplasts.  granules  unchanged. 
B.  Development  of  amyloplasts  in  pea  root  (After  Mottier).  1,  men- 
stem.  amyloplasts  (P)  shaped  like  chondrioconts.  mixed  ™th 
filamentous  or  granular  elements  (C)  the  only  elements  which 
believes  to  be  chondriosomes;  2.  mature  root  cell,  amyloplasts  (P)  form 
ing  starch,  the  chondriome  (C)  unchanged;  3,  detail,  amyloplasts  (P) 
forming  starch  (A),  division  figure  of  chondnosome  (C)  at  Od. 


cult  to  differentiate,  still  the  plastids  would  always  be  recognizable 
because  of  their  slightly  greater  size.  The  two  classes  of  elements 
correspond  to  permanent  components  of  the  cell,  incapable  of  aris¬ 
ing  de  novo  and  multiplying  only  by  division.  Nevertheless  this 
American  investigator  considers  them  as  radically  different  forma- 
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tions,  but  without,  however,  bringing  forth  the  slightest  histochem- 
ical  proof  in  favor  of  this  idea.  Later  (1921)  he  seems  to  have 
abandoned  his  opinion.  He  states  that  chondriosomes  can  not 
always  be  distinguished  from  plastids  in  meristematic  cells  of 
plants  and  seems  to  admit  that  the  chondriosomes  are  plastids 
whose  functions  are  multiple,  the  plastids  of  chlorophyll-bearing 
plants  being  only  a  special  variety. 


Kams^^CTEs^g^^gxpressS'a'theorv  *  the  phaner°- 

ofthatMdby  most  oAheluthorsj^tSi'stssed  This 
cytologist  observed  that  i n  ™  .  u  «,sea*  I  his  eminent 

technique  brings  out  both  <*ondrloe£t^^ 

the  chondnoconts  are  transformed  into  chloroplasts  in  mature  ceS 
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whereas  the  granules  persist  after  the  differentiation  of  the  chloro- 
plasts.  He  considers  that  only  the  chondrioconts  correspond  to  the 
chondriosomes  and  the  granules  are  not  mitochondria  but  simply 
metaplasmic  granules.  Thus,  according  to  Meves,  all  the  chondrio¬ 
somes  are  transformed  into  plastids  in  the  mature  cells  of  the 


Flo  68.  —  Elodea  canadensis  (fiff.  67  cont.).  I.  H.  further 
differentiation,  o.  plastids:  6.  chondriosomes  chugfac  shape. 

III.  in  a  differentiated  cell.  o.  the  chondriome:  b.  plastids  and 
c,  chondriosomes. 

phanerogams  and  it  is  those  elements  considered  by  most  authors 
to  be  Dlastids  which  Meves  believes  are  represented  by  the  chon¬ 
driosomes,1  whereas  those  described  by  others  as  chondriosomes 

haVB0WEN" fl926->19290)11  at' first;1  adopted  the  theory  of  Meves  and 

considered  tho  p.^ 

admit  thenexttrence  in  the  phanerogams  of  two  categories  of 
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elements  which  are  different,  but  whose  form  is  similar,  the  plas¬ 
tids,  peculiar  to  chlorophyll-bearing  plant  cells ;  and  other  elements, 
which,  hesitating  for  some  unknown  reason  to  liken  to  the  chon¬ 
driosomes  of  animal  cells,  he  groups  into  a  category  which  he  calls 
the  pseudo-chondriome. 

Weier  (1930-1933),  having  obtained  impregnation  of  the  chlo- 
roplasts  of  Poly  trichum  commune  by  Golgi  technique,  felt  justified 
in  likening  the  plastids  of  plant  cells  to  the  Golgi  apparatus  de¬ 
scribed  in  animal  cells.  This  theory  was  adopted  by  DUBOSCQ  and 
Grasse  who,  in  a  recent  treatise,  maintain  that  in  animal  cells 
there  are  two  sorts  of  permanent,  closely  allied  constituents  of  a 
lipoprotein  nature,  namely,  the  chondriosomes  and  the  Golgi  mate¬ 
rial,  or  dictyosomes,  the  latter  being  comparable  to  the  plastids  of 
chlorophyll-bearing  plants.  - 

Finally,  Kiyohara  (1936),  after  mak¬ 
ing  observations  of  living  material  car¬ 
ried  out  under  improper  conditions, 
thought  he  noticed  that  all  the  plastids 
normally  appear  as  vesicles  and  that  it 
is  the  mitochondrial  technique  which  al¬ 
ters  them  and  makes  them  appear  as 
chondrioconts.  But  this  Japanese  inves¬ 
tigator  obtained  plastids  of  vesicular 
form  by  osmic  impregnation,  the  tech¬ 
nique  used  fol*  the  detection  of  the  Golgi 
apparatus.  He  thinks  that  chondrio¬ 
somes  do  not  exist  in  plant  cells  and  that 
all  forms  described  under  that  name  cor¬ 
respond  to  images  brought  about  by 
alterations  in  the  plastids.  He  reports, 
however,  that  in  mature  cells  there  al¬ 
ways  exist,  as  well  as  the  large  vesicular 
plastids,  other  much  smaller  vesicles, 
but  these  he  believes  to  be  plastids  in  the 
act  of  degenerating. 


i 1 


Fig.  69.  —  The  chondriome.  1,  2, 
Root  of  Cucurbita  Pepo.  1,  meri- 
stem;  2,  from  differentiated  cell  of 
parenchyma,  some  thicker  chon¬ 
drioconts  (P)  form  starch,  short 
rods  and  mitochondria  not  per¬ 
ceptibly  changed;  a  few  elongate 
to  thin  chondrioconts.  3,  young 
ascus  of  Pustularia  vesiculosa. 
4.  frog’s  liver. 


w  O  *  —  «  •*  » v*  i 

ar0A11  fthlfe  tb?°ries>  aside  from  being  essentially  contradictory 
are,  unfortunately,  at  variance  with  the  facts.  They  are  the  result 

t5nptSnf  g®?eraI‘zatl°ns,  founded  on  observations  limited  to  certain 

Thlv  f  6  S  a,nd  carr!ed  out’  most  often,  with  defective  techniques 
They  give  evidence  of  an  insufficient  knowledge  of  that  which  in 
animal  cells  has  been  designated  as  chondriosomes  and  which  have 
been  recognized  in  all  the  fungi. 

thpni«fa°W  d.tm°I1St,rfted  by  our  research  that  in  mature  cells 
the  plastids  without  chlorophyll  generally  keep  the  shape  charac 

teristic  of  the  chondriocont.  For  example  it  is  iV,  tbifc*  ..  I 
they  appear  in  the  epidermal  cells  which  we  have  already  described 
i  ,f ’  Tui  ^  Cepa).  It  is  therefore  impossible  to  attribute 
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search  (1912-1923),  as  well  as  by  that  of  Friedrichs  (1923),  that 
the  meristem  of  the  bud  of  Elodea  canadensis  does  not  contain 
chloroplasts.  This  is  contrary  to  the  findings  of  Noack,  whose 
error  can  only  be  explained  by  supposing  that  in  his  preparations 
he  confused  tissues  already  differentiated  and  containing  chloro¬ 
phyll,  with  the  meristem.  It  has  been  prQved,  besides,  that  among 
the  elements  which  constitute  the  chondriome  of  meristematic  cells 
in  the  phanerogams,  it  is  impossible  to  distinguish  those  which  will 
later  become  plastids,  from  those  which  will  remain  chondrio- 
somes.  Both  have  the  same  shapes  and  histochemical  character¬ 
istics.  Cytological  work  on  animals  (Levi),  as  we  have  said,  has 
established  the  fact  that  the  chondriosomes  are  indeed  permanent 
and  clearly  characterized  elements  of  the  cytoplasm.  This  is  dem¬ 
onstrated,  furthermore,  by  the  research  that  we  have  done  on  the 
Saprolegniaceae,  in  which  the  absence  of  plastids  makes  this  study 

more  easy  than  in  chlorophyll-bearing 
plants,  and  in  which  we  have  been 
able  to  follow  the  chondriome  in  liv¬ 
ing  material  during  the  entire  de¬ 
velopment  of  these  fungi.  It  is  there¬ 
fore  not  possible,  for  the  time  being, 
to  consider  the  chondriosomes  as  dis¬ 
similar  elements,  or  as  products  of 
cellular  metabolism  {Allinantes) . 
The  theory  of  Arthur  Meyer,  who 
labels  the  chondriosomes  Allinantes, 
has  never  been  verified,  and  is  today 
definitely  invalidated. 

It  has  not  been  confirmed,  either, 
that  the  plastids  and  the  chondrio¬ 
somes  of  embryonic  cells  of  phanero¬ 
gams  can  be  differentiated  by  their 
dimensions,  as  was  thought  by  Mot- 
tier  who,  without  doubt,  observed 
only  cells  already  in  the  process  of 
differentiation.  Furthermore,  our 
research  has  shown  that  the  chondri¬ 
osomes  which  are  not  transformed  into  plastids  are  in  no  wise 
exclusively  shaped  as  granules,  as  Meves  believed.  It  sometimes 
happens,  on  the  contrary,  that  in  embryonic  cells,  the  chondriosomes 
exist  as  chondrioconts,  whereas  the  plastids  are  represented  by 
mitochondria.  This  is  so  much  the  case,  that  when  the 
somes  appear  as  granules  in  meristematic  ce'ls,  they  almo^  alw 
have  the  appearance  of  typical  chondrioconts  after  the  differenfaa 
tion  of  the  plastids  has  taken  place,  as  in  the  leaves  of  Elodea 
canadensis.  Therefore  they  are  obviously  chondriosomes.  (  g  ■ 

57’  There  Is  no  basis,  on  the  other  hand,  for  the  opinion  of  Weier, 


Fig.  60.  —  Similarity  of  the  chon¬ 
driome  in  A,  the  basidium  of  Agaricus 
eampestris;  B.  the  ascus  of  Pustularia 
vesiculosa;  C,  frog’s  liver;  D,  frog's 
kidney.  Regaud's  method  (C,  D,  drawn 
from  preparations  of  Professor  Pou- 
CARD). 
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chondriosomes  coexistent  with  them  behave  in  the  same  manner. 
In  the  fungi,  especially  in  the  Saprolegniaceae,  where  there  are  no 
plastids,  it  is  easy  to  demonstrate  that  the  chondriosomes  are  in¬ 
tensely  blackened  by  osmic  impregnations,  just  as  are  the  plastids 
of  chlorophyll-bearing  plants.  Furthermore,  the  Golgi  material  in 
animal  cells  may  be  distinguished  from  the  plastids  by  the  fact 
that  it  does  not  stain  with  mitochondrial  techniques. 

The  opinion  of  Kiyohara  results  from  an  initial  error  of  ob¬ 
serving  living  material  under  defective  conditions.  This  author 
leaves  out  of  consideration  that  characteristic  property  of  chondrio¬ 
somes  of  becoming  vesiculate  during  alteration  (cavulation).  He 
observed  cells  in  which  the  chondrioconts  were  already  transformed 
into  vesicles  and  misinterpreted  this  phenomenon,  mistaking  the 
vesicles  for  normal  shapes  of  the  plastids  and  the  chondrioconts  for 
their  altered  shapes. 
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The  first  data  obtained  in  our  laboratory  by  Emberger  and 
Mangenot  on  the  pteridophytes  and  the  algae  as  well  as  the 
very  meticulous  study  of  the  development  of  the  chondriome  in 
certain  phanerogams,  notably  in  the  bud  of  Elodea  canadensis  and 
in  the  root  of  Cucurbita  Pepo,  led  us,  as  early  as  1920,  to  formu¬ 
late  a  new  theory  which  removes  all  the  difficulties  and  accords 
with  all  the  facts  drawn  from  the  development  of  plastids  in  the 
plant  kingdom. 


It  has  been  seen  that  among  the  elements  which  constitute  the 
chondriome  in  meristematic  cells  of  the  bud  of  Elodea  canadensis, 
it  is  possible  to  distinguish  between  the  chondrioconts  which  be¬ 
come  chloroplasts  during  cellular  differentiation,  and  the  granular 
mitochondria  which  do  not  participate  in  this  phenomenon  but 
elongate  into  rods  and  later  into  chondrioconts.  Now  it  has  been 
known  for  a  long  time  that  chloroplasts  have  the  ability  to  divide. 
Our  work  has  shown  that  it  is  only  by  this  process  that  they  in¬ 
crease  in  numbers  and  that  in  differentiated  cells  the  chondrio- 
somes  which  persist  along  with  the  plastids  are  incapable  of  becom¬ 
ing  chloroplasts.  This  shows  therefore  that  the  two  categories 
of  elements  which  constitute  the  chondriome  of  cells  of  the  meri- 
stem  develop  separately  and  seem  independent,  one  of  the  other. 

The  study  of  the  development  in  the  chondriome  in  the  root  of 
Cucurbita  (Figs.  59,  61)  will  furnish  a  similar  example.  Here  again, 
there  is  observed  in  the  cells  of  the  meristem  a  chondriome  com¬ 
posed  of  two  categories  of  elements :  chondrioconts  and  mitochon¬ 
dria  or  short  rods.  If,  in  the  course  of  cellular  differentiation,  the 
development  of  these  elements  is  followed,  it  is  seen  that  in  the  cen- 
tral  cylinder,  where  elaboration  of  starch  is  not  very  active,  the 
appearance  of  the  chondriome  does  not  change  and  one  witnesses  the 
production  of  small  starch  grains  only  within  the  chondrioconts.  In 
the  cortex,  on  the  contrary,  the  chondrioconts  undergo  a  consider¬ 
able  thickening  and  may  be  subdivided  into  rods  or  granules.  The 
other  chondriosomes  keep  their  original  size  but  ^metlJnes,t^k<l^® 
form  of  chondrioconts  which  differ  from  the  other  chontaoconte 
by  being  thin.  Our  first  impression  is  that  there  exist  at  this  m 
ment  in  the  cells,  two  categories  of  chondriosomes  the  oneco1^  ' 
ing  of  large  chondriosomes,  the  other  of  little  ones.  The  large 
chondriosomes  represent  the  amyloplasts.  At  certain  pen  s ^t  y 

g?  ChThed=  is  SS  ftg 

mitochondrial  fayer.  This  layer  is  often  prolonged  as  a  tad,  the 
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remnant  of  the  elaborating  chondriocont.  When  the  starch  is  util¬ 
ized,  its  absorption  takes  place  within  the  amyloplast.  The  gram 
diminishes  in  volume  while  the  outer  mitochondrial  layer  grows 
and  regenerates  a  chondriocont  which  will  function  again  later. 


Fig.  61.  —  Chondriome.  A-D,  Root  of  Cucurbita  Pepo. 
A,  menstem;  a,  amyloplasts;  a',  inactive  mitochondria.  B. 
cortical  parenchyma;  a,  starch;  b,  amyloplasts;  6'.  inactive 
mitochondria,  in  some  cases  (6”)  appearing  like  typical 
chondrioconts.  C.  parenchyma  of  central  cylinder;  o. 
8  rch;  c,  amyloplasts;  c\  inactive  mitochondria.  D.  corti- 

Sorenllrf of  hypocoty!;  a.  compound  starch  grain  in 
chloroplast,  d.  d,  inactive  mitochondria.  E.  liver  of  frog. 
F  basidium  of  PaaUxota  campestris.  In  E  and  F,  the  mito- 
methodl*  VeSlcle3  ot  unknown  significance.  Regaud's 


The  chondrioconts,  therefore,  are  not  destroyed  during  elaboration 
d  it  is  always  the  same  elements  which  function  in  the  formation 
of  starch.  Here  again  there  are  found  the  two  categories  of 
ments  observed  in  Elodea  canadensis  and  their  shane  geni  n' 
makes  it  possible  to  follow  them  separately  dnr.ng  tn  ?enerf  ly 
development.  (Figs  57  58)  !  y  dunng  their  entire 
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But  these  are  rare  and  almost  diagrammatic  examples.  In  most 
cases,  it  is  absolutely  impossible  among  the  elements  which  consti¬ 
tute  the  chondriome  in  cells  of  the  meristem  to  distinguish  those 
which  will  become  plastids  from  those  which  will  remain  inactive, 


Fio.  62  (left).  —  Chondriome,  showing  morphological  similarity  of 
the  meristem  of  pea  root  (A)  and  of  pancreas  cells  of  guinea  pig 
(B),  each  fixed  by  Regaud's  method  and  stained  with  iron  haema- 
toxylin.  A,  plastids  and  chondriosomes  indistinguishable;  B,  chon- 
driosomes  and  Claude  Bernard  granules.  (After  Cowdry). 

Fio.  63  (right).  —  Detail  of  chondriosomes  (A)  in  pea  root  and 
(B)  in  mouse  pancreas.  X  1687.  (After  Cowdry). 


for  they  are  of  similar  form.  Although  in  most  cases  it  is  t  e 
chondrioconts  which  become  plastids,  there  are  numerous  excep¬ 
tions,  and  cases  are  found  in  which  the  granules,  as  we  as  e 
chondrioconts,  become  plastids.  It  may  even  happen  in  some  cases 
that  the  granules  alone  form  the  plastids,  whether  the  o  er  ® 
ments  present  have  the  form  of  chondrioconts  or  whether  y 
also  have  the  form  of  mitochondria.  In  the  tuber  P0^®’.*0. 
example  only  granular  mitochondria  are  found  (Fig.  39) 
through  the  ^agency  of  some  of  these  that  starch  is  elaborated 
Furthermore,  the  distinction  which  we  have  made  between  the  t 
categories  of  elements,  i.e.,  chondrioconts  and  granutes  m  the  bud 
of  Elodea  canadensis  and  in  the  root  of  Cucurbda  Pepo,  is  far  from 
being  general.  Whether  we  can  differentiate  betweenthetwocate 
gories  depends,  in  Elodea,  upon  the  state  of  act.vity  o  the  bud  and 

the  chondrioconts  which  el^oratedthem(^  ^  chondriome  Cens 
distinguishable  from  the  ot  e  pumpkin  are  derived  from 
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Theory  of  the  author:-  From  the  series  of  facts  which  we  have 
just  related,  however,  there  arises  the  idea  that  the  chondriosomes 
of  cells  of  the  meristem  do  not  all  have  the  same  significance,  al¬ 
though  morphologically  and  histochemically  similar.  One  is  led 
to  think  that  the  chondriome  of  embryonic  cells  in  phanerogams, 
although  appearing  homogeneous,  is  composed  of  two  categories  of 
chondriosomes,  maintaining  their  individuality  throughout  cellular 
development.  One  of  these  categories  corresponds  to  the  plastids 
and  may  take  on  much  larger  dimensions  during  the  course  of 
development,  by  virtue  of  its  active  elaborative  power.  The  other 
of  these  categories,  which  kept  its  original  size  after  the  plastids 
had  become  differentiated  and  to  which  we  have  provisionally  given 
the  name  inactive  chondriosomes,  seems  to  have  functions  which 
are  as  yet  not  definitely  determined. 


Fig.  64  (left).  Chondriome  in  (1-4)  differentiated  colorless  root  par¬ 
enchyma  of  Athyrium  Filix-femina  and  in  (6.  6)  frog's  liver.  Regaud’s 
method.  (After  Mangenot  and  Emberger). 

Fkj.  65  (right).  —  Detail  of  chondriome  in  (A)  Saprolegnia  and  in  (B) 
epidermis  of  tulip  perianth.  X  3000.  Regaud's  method. 

These  two  categories  have  the  same  shape  in  the  phanerogams 
and  it  is  almost  always  impossible  to  tell  them  apart  in  the  meri- 
stems  and  usually,  also,  even  in  mature  cells  which  do  not  have 
chlorophyll  They  are,  however,  always  perfectly  distinct  in  some 
ower  plants  (bryophytes,  algae)  in  which  chlorophyll  is  present 

*™ThUS.v,COnSidered’  the  Plastids  are  not  differentiated  chondrio- 

are  'i  lpecial  type  of  ch<>ndriosomes.  In  fact,  when 
the  life  history  of  the  chondriosomes  is  followed  in  the  phanero¬ 
gams  one  is  struck  by  the  chondriosomal  characteristics  which  the 
plastids  always  maintain.  The  amyloplasts  are  usually  typical 
ondnosomes  and  are  only  occasionally  a  little  thicker  than  the 
other  elements  of  the  chondriome.  They  are  not aZnilt 

S““*  fc  (M..  chondriosomes  J  n 

growth  of  these  elements  or  merely  by  imbibMon  ^  3 
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Figure  60  gives  a  very  exact  idea  of  these  facts.  Here,  in  the 
pumpkin  seedling,  are  shown  side  by  side  all  the  forms  assumed 
by  the  two  categories  of  elements  in  the  course  of  cellular  differ¬ 
entiation.  It  is  seen  that  the  two  types  of  chondriosomes  have 
the  same  shape  through  all  the  stages  of  cellular  development — 
granules,  rods,  filaments — but  these  shapes  are  not  always  identical 
for  both  types  at  a  given  stage  in  development  and  there  are  stages 
in  which  one  type  appears  as  granules  and  the  other  as  filaments. 
This  makes  it  possible  to  distinguish  them  at  every  stage.  Further- 


Fig  66  —  A-D.  Epidermal  cells  of  petal  of  tulip,  e.  leucoplasts;  m.  chondrio- 
U  ij  irranules  B  beginning  of  change  in  leucoplasts.  C,  vesicula- 
UoT1  D  ceiu  t J™y  ReKaud-s  method  E-H.  filament  of  SaProU0nia.  n  nu- 
S-  «hondriocont.y  F.  be„inmn«  of  ch.nje  In  chondriosomos.  G.  ve„«ul.t.on, 
V.  vesicle.  H.  filament  fixed  by  Regaud’s  method. 


more,  the  two  categories  of  elements  are  capable  of  division  and 

freauent  stages  in  division  are  observed. 

If  these  two  categories  of  elements  are  compared  with  the 
chondrioconts  in  live/cel.s  of  the  frog  or  with  those  m  fung.  as 
represented  in  Figures  60  and  61  (cf.  also  pp.  85  and  113) ,  it  is  seen 
[nTgeneral  way  that  it  is  the  plastids  which  most  resemble  the 

Animal  chondriosomes  and  those  of  the  fungi. 

Tn  a  general  way  also,  the  inactive  chondriosomes  are  a  little 

.«»,  b..  in  certain  pb..« 

become  much  more  voluminous. 
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One  may  object  to  the  above  theory  on  the  ground  that  the 
two  categories  of  elements  do  not  have  the  same  origin,  that 
they  develop  separately  and  do  not  possess  the  same  functions. 
This  seems  to  imply  that  they  are  of  different  nature  and  that  they 
correspond  to  radically  different  formations.  This  would  bring  us 
back  to  the  first  opinion  of  Mother  (1918).  We  shall  see,  indeed, 
that  in  cytology  one  must  be  suspicious  of  analogies  in  shape,  since 
elements  as  different  as  young  vacuoles  and  chondrioconts  may 
show  in  certain  phases  of  cellular  development  entirely  analogous 
forms.  These  forms,  moreover,  are  the  forms  of  chromosomes  as 
well.  The  histochemical  point  of  view  must  therefore  be  the  decid¬ 
ing  factor. 


Fig.  67.  —  Epidermal  cells  of  bulb  scale  of  Allium 
Cepa,  as  seen  under  the  ultramicroscope.  1.  lipide  granules 
(GO  2.  granules,  and  the  faintly  luminous  contours  of 
chondriosomes  (C)  and  plastids  (P). 


s.haI1  ,fe-  however,  that  this  objection  is  not  valid  here 
5  "  bef°re  lt;  was  known  that  the  chondriome  of  embryonic  cells 

meat  misT"  7mP°Sed  °f  tw0  ^  of  different  et 

r,..  ,  .  DI?Y  (1918)  made  a  meticulous  comparison  between  the 

son^!10  fS'Ca  an?-  hlstochemical  characteristics  of  the  chondrio- 

root  In  r,TtlCtnCellS  °f  the  ^'nea-pig  and  those  of  the  pea 

and  were  not  dfflerenUate^by ' ™  the  meristem 

the  chondriosomes  are  idtn«cS  in  ‘the  t^.°WDRY  conc!uded  that 

COUSiemila0rS:ompaCrisons ‘“Z"  int°  ^62^63)' 
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Histochemical  and  histophysical  characteristics  of  chondriosomes 
and  plastids:-  We  proceeded  ourselves  to  make  a  comparative  histo¬ 
chemical  study  of  the  two  chondriosomal  categories  in  chlorophyll- 
containing  plants  with  respect  to  the  chondriosomes  of  the  Sapro- 
legniaceae.  In  the  latter,  there  exists  only  one  category  of 
chondriosomes  which  can  be  unquestionably  homologized  with  the 
chondriosomes  of  animal  cells  as  we  have  seen  earlier  in  these  pages. 

This  study  consisted  first  of  a  comparative  examination,  made 
as  accurately  as  possible,  of  the  chondriome  of  epidermal  cells  from 
portions  of  a  tulip  perianth  (white  variety)  and  of  the  chondriome 
of  Saprolegnia,  both  of  which  are  particularly  favorable  for  ob¬ 
servation  of  living  material.  (Figs.  65,  66). 

The  living  chondriome  in  these  two  different  tissues  has  a  sim¬ 
ilar  morphological  appearance  and  refrac- 
tivity.  It  is  represented  in  the  tulip  by  long, 
thin,  undulating  and  sometimes  branching, 
chondrioconts  which  correspond  to  the  plas¬ 
tids,  and  by  the  inactive  chondriosomes  in 
the  form  of  granules  or  short  rods.  In 
Saprolegnia,  except  for  the  region  at  the  tips 
of  the  hyphae,  the  chondriome,  as  we  have 
seen,  is  formed  exclusively  of  long  and  some¬ 
times  branched  chondrioconts  entirely  sim¬ 
ilar  to  the  tulip  plastids.  Meyer,  who  had 
observed  them  before  the  discovery  of  chon¬ 
driosomes  in  the  fungi  of  the  same  group, 
did  not  hesitate  to  liken  them  to  plastids. 
These  elements  arise  from  mitochondria  by 
growth  and  elongation,  just  as  do  the  tulip 
plastids.  It  is  in  the  mitochondrial  form 
that  they  appear  in  the  extremities  of  the 
hyphae  of  Saprolegnia  and  in  epidermal 
cells  in  perianth  parts  of  very  young  tulip 

flowers.  , 

This  study  was  completed  later  by  sim¬ 
ilar  observations  which  we  made  on  epider¬ 
mal  cells  from  the  leaves  of  Iris  germanica 

not  elaborate  starch  it  recognizable 

elements  apart.  The  plast  i h  ^  chondriosomes  and  are 

isr-trc  KV  sss 

authors.  chondriosomes.  plastids  and  genuine 

chon^me V-  **>. 
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Fio.  68.  —  Epidermal  cell 
of  Iris  germanica.  At  right, 
modifications  in  form  ob¬ 
served  when  a  chondriocont 
moves  as  from  (A)  to  (B) 
in  the  diagram  at  the  left 
where  arrows  indicate  direc¬ 
tion  of  current. 
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cells  which  we  have  studied  and  the  chondriosomes  of  Saprolegnia 
show  exactly  the  same  refractivity.  Slightly  superior  to  that  of 
cytoplasm,  this  refractivity,  although  very  slight,  still  permits  the 
chondriosomes  to  be  adequately  seen.  Under  the  ultramicroscope 

4-K/-V  4-ttta  rrr\  vine  r\  f  olpTYlPntQ  P Til  fl PT*TYl  Al  ChOIlClriO* 


osomes  to  be  adequately  seen,  unaer  uie  uiuaimuwtupc 
the  two  categories  of  elements  of  epidermal  cells  and  the  chondrio- 
of  Saprolegnia  are  distinguishable  only  under  very  favorable 

A fU  Air  nlii^oirc  li  fllO  QPTY1P  T 


somes  oi  saprolegnia  are  aisunguiMiduie  omy  uuu«  vc^ 
conditions.  When  visible,  they  always  have  the  same  appearance 
and  are  seen  only  because  of  their  very  faintly  luminous  contours. 
With  the  Zeiss  micropolychromar  they  are  made  to  appear  very 
clearly  with  a  different  color  from  that  of  the  cytoplasm,  green  on 
a  red  background,  for  instance,  or  yellow  on  violet.  Chondriosomes 
and  plastids  of  epidermal  cells,  as  well  as  the  chondriosomes  of 
Saprolegnia,  behave  like  extremely  delicate  elements  which  the 
least  change  in  osmotic  equilibrium,  or  the 
least  pressure  on  the  cover  glass  of  a  prep¬ 
aration,  suffices  to  change  into  vesicles 
(cavulation).  In  a  hypertonic  medium  they 
keep  changing  shape  as  long  as  the  cell  is  liv¬ 
ing  but  as  soon  as  it  dies,  they  become 
vesiculate  (Fig.  67). 

We  have  already  seen  that  in  Saprolegnia 
the  chondrioconts  are  moved  about  slowly 
by  the  cytoplasmic  currents  and  that  dur¬ 
ing  these  displacements  they  change  shape, 
passing  through  the  most  varied  forms. 

They  are  even  able  to  branch  by  growing 
a  kind  of  pseudopodium  which  afterwards 
is  retracted.  In  epidermal  cells  of  tulip  in 
which  cytoplasmic  movements  are  very  slow  , 

or  do  not  exist,  nothing  of  this  sort  is  ob-  tuber  of*  Ficaria 3  ramineu* 

„In  ctlls  of  Iris  germanica  and  of  ££*  *A’deh<o®’ 

Allium  hepa,  however,  which  are  very  favor-  driosomes  with  and  without 
able  objects  for  study,  we  have  observed  for  . 
tne  plastids  these  same  displacements  and  the  cel1  are  *ound  the  nucleus 
the  same  instability  of  form.  (Figs.  68,  70, 

iouj.  During  the  movement  from  nlace  to  starch  remain  dispersed. 

place  the  plastids  are  capable  of  taking  the  M,L°vm°v)- 

most  irregular  shapes.  They  are  capable  of  shortening  bv  becom 

mg  thicker  or  of  elongating  by  stretching  out.  They  mav  fo™ 

swellings  along  their  long  axes  which  are  sometimes  vehicular  o 

,  y,  ay  PUn  °Ut  tr?nsitory  ramifications  which  are  later  retracted 
Analogous  observations  have  been  made  by  EmbfrcVr  W  ^l  i  ' 

possess  the  same  viscosity  During 11’°  “I”6  physical  state  and 
we  could  follow  under  th;  mw"  8  the!?  observatians,  moreover, 

the  chondriosomes  in  the  leaf  cells^f  F/orfe!  proc®ss  °.f  division  of 
plastids  in  the  epidermal  cells  of  A  ;;,f  ^  canad^nsis,  that  of  the 
"h“ 
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lation)  which  they  undergo  as  they  are  altered  can  be  observed 
(Guilliermond,  Obaton,  Gautheret). 

It  may  be  added  that  Milovidov  and  Ortiz  Picon  have  demon¬ 
strated  that  the  chondriosomes  and  plastids  have  a  specific  weight 
rather  like  that  of  cytoplasm.  After  centrifuging,  the  plastids  and 
chondriosomes  remain  scattered  throughout  the  cytoplasm  and  it  is 
only  when  the  plastids  contain  starch  grains  that  they  are  carried 
with  the  nucleus  toward  one  extremity  of  the  cell  (Fig.  69). 

Recent  work  of  Famin  has  proved  that,  contrary  to  previous 
opinions  (Policard  and  Mangenot),  the  plastids  of  epidermal 
cells  of  tulip  petals  and  the  chondriosomes  of  Saprolegnia  are  both 
resistant  to  high  temperatures.  Although  their  visibility  in  living 
form  is  diminished  and  their  chromaticity  with  mitochondrial  tech¬ 
niques  is  lost,  they  are  not  destroyed  by  these  high  temperatures. 

The  leucoplasts  and  chondriosomes  of  epidermal  cells  of  bulb 

scales  of  Allium  Cepa  and  tulip 
petals  behave  as  do  the  chondrio¬ 
somes  of  Saprolegnia  in  regard  to 
vital  dyes.  They  stain  selectively 
with  Janus  green,  methyl  violet  5B, 
Dahlia  violet  and  a  certain  number 
of  dyes  recently  mentioned  (Guil¬ 
liermond  and  Gautheret).  Em¬ 
ployed  in  0.0005-0.005%  solutions, 
Janus  green  stains  only  the  chon¬ 
driosomes  and  leucoplasts,  giving 
them  a  pale  bluish  green  color  in 
cells  which  are  living  and  showing 
cytoplasmic  currents.  In  0.01-0.02% 
solution  of  the  dye,  the  chondrio¬ 
somes  and  leucoplasts  are  stained 
but  in  a  manner  clearly  more  ac¬ 
centuated  in  the  former  than  in 
the  latter  and  at  the  same  time 
the  dye  accumulates  in  all  the  va¬ 
cuoles  which  contain  phenol  com¬ 
pounds  (oxyflavanol  and  tannin 
compounds).  At  higher  concentrations  it  produces  only  sublettial 
staining  with  vesiculation  of  the  chondriosomes  and  leucoplasts, 
resulting  after  a  short  while  in  the  death  of  the  cells. 

The  other  dyes,  which  for  the  most  part  are  very  toxic,  be 

diffprentlv  In  low  concentrations  (0.0002-O.OUOS  ,o ) 
dtafn  only  the  leucoplasts  and  the  chondriosomes  which  are 
cotoredinexactly  the  same"  way.  The  cells  remain  living or  a  lo„| 

T  in,the 

vacuoles  ^'diffuse' co!!m  In*  celhTshowing 

active^cytoplasmic^streamingf  but  in  which  they  rapidly  cause 
death.  Staining  is  therefore  sublethal. 
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_  A,  Saprolegnia-  Forms 

a  chondriocont  observed  for 


Fig, 
taken 

half  an  hour.  B,  Epidermis  of  Allium 
Cepa.  Forms  taken  by  a  leucoplast  in 
half  an  hour. 
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As  is  seen, 
somes 


is  seen,  a  single  difference  is  shown  between  the  chondrio- 
somes  and  leucoplasts.  Janus  green  stains  the  former  more  in¬ 
tensely  than  the  latter  with  a  0.01-0.02%  solution  of  the  dye.  In 
recent  work,  Miss  Sorokin  has  maintained  that  Janus  green  did 
not  stain  the  leucoplasts.  This  is  inexact,  but  it  is  certain  that 
under  some  conditions  Janus  green  stains  the  chondriosomes  more 
intensely  than  the  leucoplasts.  The  chondriosomes  and  plastids  of 
epidermal  cells  as  well  as  the  chondriosomes  of  Saprolegnia  are 
preserved  with  the  reagent  iodine-potassium  iodide  which  makes 
them  brown  and  renders  them  much  more  distinct  than  in  living 
material.  Both  these  elements  of  the  chondriome  are  preserved 
with  a  2%  solution  of  osmic  acid  which  does  not  turn  them  brown 
but,  if  the  preparation  is  treated  with  pyrogallol  after  being  in 
contact  with  osmic  acid  for  half  an  hour  or  an  hour,  the  chondri¬ 
osomes  and  plastids  appear  gray.  Both  become  even  intensely 
black  after  being  for  a  long  time 
in  a  40%  solution  of  osmic  acid 
(method  of  osmic  impregnation 
used  to  reveal  the  Golgi  mate¬ 
rial).  Lastly,  the  chondriosomes 
and  plastids  of  epidermal  cells 
and  the  chondriosomes  of  Sa¬ 
prolegnia  behave  in  exactly  the 
same  way  in  regard  to  fixatives. 

They  are  strongly  modified  and 
lose  their  chromaticity  when 
treated  with  fixatives  containing 
alcohol  and  acetic  acid,  and  are 
preserved  in  their  shapes  and 
are  stained  clearly  with  all 
mitochondrial  techniques  (meth¬ 
ods  of  Regaud,  Benda,  Meves, 

Helly,  Tupa,  Volkonsky,  Al¬ 
varado’s  modification  of  Rio- 
Hortega,  etc.).  They  are  stained 
by  Dietrich  -  Smith’s  method 
(used  for  the  detection  of  leci- 

togethernwithttLTfl1Cienltimeuby  inc,0Phen°l  blue.  This  behavior, 

the  chondr™ 

and  plastids  airthe^oteTnreapH’  t0  •h°(W  in  the  chondriosomes 
strated  them  for  the  chnndri  l0nS’  as  ^IROUD  had  demon¬ 
categories  elements  IhS&T  °« animal  Cells'  The  two 
stitution.  More  recentlv  Mtt  nvrnmf th<?  Same  llP°Protein  con- 
driosomes  and  plastids  in  the  mot  demonstrated  that  the  chon- 

not  give  the  F^enre^on  Zd  ^  Pea  ^  °f  AUium  Ce^  do 
thymonucleic  acid  ChloroXtJ  n  !  quence  do  contain 
resistance  to  fixatives  containing  o!J^the-!fS’  °ffer  much  Sreater 
other  Plastids  and  the  chondrio^'^^^1^^ 


Fig.  71.  —  Chondriosomes  and  plastids  in 
the  prothallus  of  Adiantum  capillus-Veneris. 
1*  vegetative  cell;  P,  plastid.  3.  very  young 
egg.  4,  mature  egg.  2,  young  embryo  after 
division  of  fertilized  egg.  Regaud’s  method. 
(After  Emberger). 
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the  vital  stains  for  chondriosomes  (Janus  green,  Dahlia  violet, 
methyl  violet,  etc.)  the  chloroplasts  do  not  behave  like  the  leuco- 
plasts,  in  that  the  chloroplasts  are  not  stained  as  long  as  the  cells 
are  alive.  On  the  contrary,  as  Strugger  has  shown,  living  chloro¬ 
plasts  are  stained  by  rhodamine  B  which,  at  a  sufficient  concen¬ 
tration,  gives  them,  with  time,  a  very  characteristic  yellowish  color 
in  cells  which  show  cytoplasmic  currents  and  which  remain  alive 
for  a  very  long  time.  (Rhodamine  B  also  stains  the  chondriosomes 
and  leucoplasts  but  very  faintly.)  The  chloroplasts  are  distin¬ 
guished  from  other  plastids  by  their  property  of  reducing  silver 
nitrate.  This  property  was  noted  first  by  Molisch  and,  as  we  have 
seen  earlier,  is  manifested  only  in  living  cells.  Ruhland  and 
Wetzel  found  it  possible,  with  this  reaction,  to  demonstrate  the 
presence  of  chloroplasts  in  the  chondriosomal  state  in  generative 
cells  of  Lupinus  luteus  and  of  some  other  plants.  Gavaudan  in  his 


rrw 


pIG  72  (left).  —  Chondriome  of  antherozoids  or  Aaiamum  ra,^  r  < ... 

.  ,  ^th.rldI.l  lnitl.U  3.  4.  sperm  moU»r  c.U.  5.  6.  «.*«,  In  IP.  formnt.on 

of  the  antherozoid.  Regaud’s  method.  (After  Emberger). 

7<t  <  riirht)  —  Behavior  of  the  chondriome  during  the  life  cycle  of  a  fern. 

I.  leaf;'  starch-forming  chloroplasts  and  ^o^SusTtnactive  pla^.ds'Tnd'istinS'- 

decreasing  activity  of  plastids.  4,  spore  *  become  active.  6.  prothallua: 

able  from  chondriosomes.  6.  mature  spor^ .  jpl^t  cessation  Gf  activity  of 

starch-bearing  chloroplasts.  7.  .  devei0ping  embryo;  certain  chon- 

-  ,2- 

chloroplasts  of  the  leaves.  (After  Emberger). 

study  of  the  hepatics  claimed  that  this  property  is  common  to  all 

plastids,  even  those  lacking  in  chlorophyll,  and  “"g'tour  later  re- 
of  distinguishing  plastids  from  chondriosomes^  But  our _later  r 

sometimes  taken  on  when  y  pensa  found  that  only 

^ropl^S^n  «^ving  tissue  with 
Golgi’s  technique  (silver  impregnation). 
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All  these  facts  lead  us  to  the  conclusion  that  the  two  categories 
of  cytoplasmic  organelles  in  chlorophyll-containing  plants  both 
show  the  characteristics  of  chondriosomes  and  it  is  evident  that 
there  is  no  criterion,  unless  it  is  the  ability  of  the  plastids  to  form 
starch  and  chlorophyll,  for  including  the  inactive  chondriosomes 
rather  than  the  plastids  in  the  formations  known  in  animal  cells  as 
chondriosomes.  On  the  contrary,  the  plastids  by  their  elongated 
chondriocontal  forms  sometimes  resemble  the  chondriosomes  of 
animals  even  more  than  do  the  inactive  chondriosomes  of  plants. 


*  i  v -v  -  v **•  • 

4 

reneous'  eh^ndriom^  by8  resor^o'n  o^tarch*  to  a  *°™>- 

plasts.  1.3.  Agenda  Ruta-Zraria  T  ,n  '°SS  °f  Pi«ment  in  chloro- 
cells;  3.  tapetum  and  spore  mother  cells'  T"7  Ccll4S:  2>  s'Jore  mother 
Regaud  s  method.  (After  Embercer)  ’  '  tertdtum-  tetrad  and  tapetum. 

Of  Sr 0corerespotS’tothCref0r^  *  *• 
incapable  of  forming  other  than” by  dw^sio^they  havTihf  sha^ 
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of  granules,  rods  or  chondrioconts,  are  able  to  change  from  one  of 
these  forms  to  the  next,  and  are  characterized  by  a  number  of  well 
determined  physical  and  chemical  properties.  The  theory  of  the 
duality  of  the  chondriosomes  has  been  remarkably  confirmed  by  a 
study  of  the  life  history  of  the  chondriome  throughout  the  plant 
kingdom  and  is  particularly  well  supported  by  the  investigations 
of  Mangenot  and  Emberger. 


Development  of  chondriosomes  and  plastids  among  the  plant 
groups:-  Emberger  (1920-23),  in  investigating  the  pteridophytes 
(Figs.  71-74),  found  that  the  egg  cell  in  the  ferns  contains  a  chon¬ 
driome  exactly  like  that  in  the  animal  cells,  in  which  chondriome  it 
is  not  possible  to  distinguish  the  plastids  from  other  chondriosomes. 
However,  in  those  prothallial  cells  from  which  the  egg  cell  is  de¬ 
rived  there  are  both  large  chloroplasts  and  small  chondriosomes.  As 
these  cells  differentiate  in  the  course  of  the  formation  of  the  egg, 
Emberger  has  shown  that  their  chloroplasts  lose  chlorophyll  and 


Fir  75  (left).  —  Selaginella  Krausnana.  1.  vegetative  i  y  - 

<r. .» 

parenchyma  cell  of  the  stem.  (After  Emberger). 

at  the  same  time  diminish  progressively  in  volume  TmaHeLmtnts 
that  they  take  on;  little  by 

which  it  becomes  impossible  ^  d>stin8U  s  antherozoids. 

The  same  phenomena  occur  in  the  formatio 

The  fertilized  egg  resulting  from  the  fusion  of  these  ^  ^ 

therefore,  a  homogeneous  ch°Ijl”°  tj' t  new  in  the  leaves  they 
elements  of  this  chondriome  differentiate  ane  .  chon- 

become  chloroplasts,  in  the  stem  and  root  they  become  la  g 

drioconts  which  represent  the 8  ®^rchw^h  wfll  produce  sporangia, 
In  the  epidermal  cells  of  leaves  wnicn  v  encountered.  In 

both  chloroplasts  and  inacUve  ohond  ■  lasts  again  lose  their 
the  young  sporangia,  howeV7ca 1  chondriosomes,  indistinguishable 

comelmpregnSe'd'with^hlorophyll  and  take  on  again  the  character 

of  chloroplasts. 
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Analogous  phenomena  were  found  later  (CHOLODN'i,  192d)  in 
the  submerged  leaves  of  Salvinia  natans  which,  as  is  known,  look 
like  roots,  as  they  have  no  chlorophyll  and  are  reduced  to  veins. 
The  chloroplasts  which  are  present  at  first  in  these  leaves  lose  their 
chlorophyll  and  take  on  the  appearance  of  chondriosomes  abso¬ 
lutely  indistinguishable  from  the  genuine  chondriosomes. 

Investigating  the  Selaginellas  (Figs.  75,  76),  Emberger  ob¬ 
served  that  in  cells  of  the  meristem  and  in  the  spores  where  the 
chondriome  contains  above  all  long  chondrioconts,  there  is  only  a 
single  colorless  plastid,  which  also  appears  as  a  chondriocont  but  is 
a  little  larger  than  the  others  and  is  pressed  against  the  nucleus. 
This  organelle,  already  pointed  out  by  Haberlandt,  Sapehin  and 
P.  A.  Dangeard,  which  is  at  first  scarcely  distinct  from  the  other 
chondrioconts,  grows  little  by  little  during  cellular  differentiation 
until  in  each  cell  of  the  leaf  and  stem  there  is  a  single  chloroplast. 
It  is  composed  of  a  series  of  large  swellings  united  by  thin  filament¬ 
ous  portions  which  are  brought  about  by  uncompleted  divisions  of 
the  initial  plastid.  This  fact  is  particularly  interesting  from  two 
points  of  view.  First,  in  Selaginella  and  Anthoceros  (in  which 
there  is  also  in  each  cell  only  one  chloroplast,  crescent-shaped  in 
this  case,  more  or  less  appressed  to  the  nucleus  but  always  larger 
than  the  small  colorless  plastids  of  embryonic  cells  of  Selaginella) , 
there  are  found  the  intermediate  steps  between  the  plastids  of  the 
phanerogams  and  the  large  chloroplasts  of  some  algae.  This  shows 
that  there  is  no  reason  to  consider  the  chloroplasts  of  the  algae  as 
different  from  ordinary  plastids.  Secondly,  the  presence  of  this 
solitary  plastid,  which  can  be  followed  through  all  cells  of  Selagi¬ 
nella  and  which  divides  when  the  cell  does,  furnishes  undeniable 
proof  that  the  plastids  maintain  their  individuality  during  the 
course  of  cellular  development  and  arise  always  from  the  division 
of  pre-existing  plastids.  The  behavior  of  the  plastids  in  the  phaner¬ 
ogams  makes  this  seem  likely  but  does  not  sufficiently  demonstrate 
it* 


The  investigations  of  Mangenot  (1922)  brought  out  that  the 
algae  behave  differently,  from  the  point  of  view  of  plastidial  de¬ 
velopment  depending  on  whether  the  chlorophyll  persists  in  all 
stages  of  development  or  disappears  in  the  sexual  organs.  When 
it  persists,  the  plastids  are  distinguished  from  the  chondriosomes 

Shanes  aandSthlireri'0Pmer’  includinS  the  e^'  by  their  size,  their 

somesSare^coexistent°at  alI^times  U6nt  y  Ch'°r°PlaStS  “d  Ch°nd™- 

sman^hTdri^  onarge  chloropiasts  and 

had  already  been  encountered  in  Vaucheria  by  Rudolph  These 
two  categories  of  organelles,  in  spite  of  the  difference  in  th!;® 
dimensions,  have  analogous  shapes  and  divide  at  the  same  +^eir 

t  tar  a-.-*3£S 
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organelles,  differing  only  slightly  from  the  chondriosomes.  Fur¬ 
thermore,  the  chlorophyll  and  fucoxanthin  disappear  in  the  mother 
cell  of  the  antheridium  and  the  phaeoplasts  in  this  cell  come  to 
look  like  chondrioconts  and  are  distributed  among  the  antherozoids 
in  such  a  way  that  each  encloses  a  single  phaeoplast.  This  plastid 
later  is  filled  with  a  carotinoid  pigment  and  becomes  the  stigma. 
The  stigma,  then,  is  simply  a  structure  derived  from  a  phaeoplast. 

Plants  in  which  the  chlorophyll  does  not  persist  but  rather 
disappears  in  the  sex  organs  are  found  in  the  Rhodophyceae  (Flo- 
rideae)  and  the  Characeae.  In  the  Rhodophyceae,  for  example  in 
Lemanea,  the  cells  of  the  thallus  (Fig.  78,  I  and  the  upper  portion 
of  A)  enclose  large,  ribbon-shaped  rhodoplasts,  sometimes  anasto- 
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Fig.  77.  -  Fucus  vesiculosua.  Fusiform  and  rod-shaped  plastids  <pj>  "j* 

chondria  (m)  and  fucosan  granules  <p.p.)  in  F™™V™C£0™QT)h  ^  '  * 

celled  embryo.  N.  nucleus.  Regaud  s  method.  (After  Mancenot). 

mosing  to  form  a  network,  together  with  small  chondriosomes  In 
those  portions  of  the  thallus  containing  little  chlorophyll  (Fig. 
78  I,  and  lower  portion  of  A),  these  elements  e™w  thinner  and 
Ippear  somewhat  like  chondrioconts.  In  the  rhizoids  (F.g.  78  1,) 
in  which  neither  chlorophyll  nor  phycoerythnn  exists  the  plastias 

become  ‘small  and  fook 

(Fig!  78,  A)  develop  trojan 

ordinary  cell  of  the  thallus  containing  large  \n  these 

sion  of  chlorophyll  and  of  phycoerythnn  are  transformed  into  small 
cells.  The  plastids  lose  their  color  and 1  are  I (ransformea  ^ 

rods  becoming  like  the  chondriosomes  which  are  pre  which 

in  the  cell.  Then  the  carpogomum  shows  a  chonar  ^  .mpossible 
all  distinction  between  plastids  and  «hond  ominobLt  fila- 

This  chondriome  persists  in  the  first  cells  oi  k 
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intfnlfil  C'  det8il  °f  filarnent-  D.O.  carpo3porestlVHtS*c  B''  ld'  W'th  ®omil>°blast  fila- 
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ment  (Fig.  78,  B,  C)  and  then  there  can  be  followed  in  these  cells 
(Fig.  78,  D-F)  a  differentiation  of  large  rhodoplasts  from  some 
of  the  elements  of  the  chondriome.  In  the  mature  carpospores 
(Fig.  78,  G,  H)  there  are  found  fairly  large,  well  differentiated, 
disc-shaped  rhodoplasts. 

In  the  Characeae,  Mangenot  found  small  chloroplasts  and 
chondriosomes  in  the  apical  cells  but  in  the  oosphere  there  is  no 
chlorophyll.  In  the  cells  which  give  rise  to  the  oosphere,  Mange¬ 
not  observed  a  regression  of  the  small  chloroplasts.  They  lose 
their  chlorophyll  and  are  transformed  into  mitochondria  or  short 
rods  which  can  not  be  distinguished  in  the  young  oospheres  from 
the  inactive  chondriosomes.  In  the  course  of  development  of  the 
oosphere,  some  of  the  mitochondria  and  rods  representing  the 
former  chloroplasts,  elongate  and  take  on  the  shape  of  typical 

chondrioconts,  whereas  the  inactive 
chondriosomes  persist  in  the  form 
of  mitochondria.  The  chondrioconts 
then  elaborate  numerous  starch 
grains  in  the  usual  way.  They  cor¬ 
respond  therefore  to  amyloplasts. 

Information  on  the  development 
of  the  plastids  is  still  scarce  in  the 
bryophytes.  It  has  already  been 
seen  that  Rudolph,  Scherrer,  SapE- 
hin,  and  Mottier  believed  that 
chlorophyll  persists  in  these  plants 
in  all  stages  of  development.  They 
state  that  bryophytic  cells  always 
contain  chloroplasts  and  chondrio¬ 
somes  at  the  same  time.  The  fact 
is  well  demonstrated  for  Anthoceros 
but  is  questioned  for  the  other  bryo¬ 
phytes.  Whereas  P.  A.  Dangeard, 
P  Dangeard,  Gavaudan  and  Weier 
tend  to  confirm  it,  Alvarado,  Sen- 
.  .  janinova,  Motte  and  Chalaud  op- 

of  Milium  cusvidatum  there  are  no  chloroplasts  but  omy^ 
somes  of  which  some  afterwards  become  nnical 

somes,  while  in  some  species  i  ^  chioroplasts  m 

driosomes  are  found,  a  Pfr  icai  cell  Motte  described  a 

cells  arising  by  division  from it  P  ‘  h  „  In  the  forma- 

regression  of  chloroplasts  in  the,  ™their  chlorophyll  and  be- 

tion  of  these  cells,  the  chloroplasts  These  fragment  to 

come  transformed  into  long  ch°"dl?  ,.  t-'  ish  from  the  chon- 
form  granules  that  it  is  imP0n\sl^etht0thdem  According  to  Motte, 
driosomes,  which  are  coexistent  with  them. 


p1G>  79.  —  Chara  fragilis ■  Develop¬ 
ment  of  the  chondriome  in  the  egg.  A. 
young  egg.  B.  beginning  of  differentia¬ 
tion.  C.  later  stage,  appearance  or 
chondrioconts.  D.  mature  egg;  chon¬ 
drioconts  forming  starch.  E,  detail  ol 

(D). 
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the  archegonium  is  formed  from  an  initial  cell  containing  only 
chondriosomes  and  he  finds  that  the  egg  also  lacks  chloroplasts. 
These  facts  make  it  seem  extremely  probable  that,  at  some  stages 
in  development  in  the  bryophytes,  the  chloroplasts  are  capable  of 
regression  and  of  taking  on  mitochondrial  form  just  as  in  the 
pteridophytes  and  in  certain  algae. 

However  this  may  be,  it  follows  from  data  presented  for  the 
first  time  in  the  splendid  work  of  Emberger  and  Mangenot,  that 
the  chloroplasts  may,  under  some  conditions,  lose  their  chlorophyll, 
become  considerably  smaller,  and  take  on  again  the  size  and  shape 
of  typical  chondriosomes.  The  form  typical  of  chondriosomes  and 
the  form  typical  of  chloroplasts  are  therefore  reversible  and  the 
chloroplasts  may  be  considered  as  chondriosomes  containing  chlo¬ 
rophyll.  The  chloroplast  is  derived  from  a  chondriosome  and  may 
under  certain  conditions  lose  its  chlorophyll  and  revert  to  the 
state  of  the  chondriosome,  the  state  which  is  characteristic  of  the 
functionally  inactive  phase  of  plastids,  exactly  as  the  amyloplast 
resumes  its  initial  form  after  the  absorption  of  its  starch.  If  this 
reversibility  of  chloroplasts  is  not  ordinarily  observed  in  phanero¬ 
gams,  it  is  doubtless  because,  according  to  the  research  just  dis¬ 
cussed,  the  chlorophyll-containing  tissues  in  these  plants  achieve 
a  state  of  differentiation  too  advanced  for  a  regression  to  take 
place  such  as  occurs  in  plants  less  evolved. 

Therefore  the  fact  that  chlorophyll  is  elaborated  in  a  continuous 
01  discontinuous  manner  influences  very  notably  the  appearance 
taken  by  the  chondriome  in  chlorophyll-containing  plants.  In  the 
first  case,  the  cells  contain  constantly  and  at  the  same  time,  both 
large  chloroplasts  and  small  chondriosomes ;  in  the  second  case,  on 
the  contrary,  there  are  found,  during  the  periods  when  chlorophyll 
is  lacking,  chondriosomes  which  all  together  constitute  a  chondri¬ 
ome  analogous  to  that  encountered  in  cells  of  animals  and  fungi 
and  m  which  it  is  not  possible  to  distinguish  the  plastids  from  the 
‘genuine  chondriosomes,  and  it  is  only  during  phases  of  elabora- 
tmn  of  chlorophyll  that  some  of  the  chondriomal  elements  grow 
and  become  large  chloroplasts. 

These  facts  will  be  illustrated  by  a  study  of  saprophytic  or 
parasitic  phanerogams  in  which  chlorophyll  is  formed  only  in  very 
small  quantities  or,  in  some  species,  not  at  all.  Among  theseY 
Limodorum,  a  saprophyte  which  is  poor  in  chlorophyll,  contains 

r^Z7uTn  ,chlor°Plasts‘  In  the  genus,  Orobanche /  in  which 
h  disappeared,  plastids  elaborating  starch  are  still 

observable  which  in  some  portions  of  the  plant  also  contain  drotin 

flknPilgIi^ntS’ 4^In  stem  of  Monotropa,  in  which  chlorophvll  is 
also  lacking,  there  is  no  longer  production  of  starch  excent  in 

the  endodermis,  and  in  that  region  onlv  can  the  elector-  i.  ^  » ■ 

mguished  from  the  chondriosomes.  This  distinction  fs  fmpo'ssfble' 
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Considering  this  from  a  different  angle,  one  of  our  students, 
Gautheret,  has  shown  that  the  production  of  chlorophyll  may  be 
experimentally  obtained  in  most  roots  when  they  are  grown  under 
certain  conditions  (in  the  presence  of  light  and  in  media  contain¬ 
ing  a  certain  quantity  of  sugar).  Thus,  for  example,  in  the  root 
of  the  barley,  whose  cells  normally  contain  a  chondriome  composed 
of  a  mixture  of  chondrioconts,  rods  and  mitochondria,  in  which 
plastids  and  genuine  chondriosomes  are  indistinguishable,  Gau¬ 
theret  has  succeeded  in  obtaining  large  chloroplasts,  entirely  com¬ 
parable  to  those  encountered  in  the  leaves  of  the  same  plant,  by  a 
differentiation  of  some  of  these  elements. 

The  series  of  investigations  undertaken  with  the  aid  of  mito¬ 
chondrial  methods,  either  by  us  in  the  phanerogams  or  in  our 
laboratory  by  Emberger  and  Mangenot  on  the  pteridophytes  and 
algae,  have  permitted  us  definitively  to  solve  this  problem  which 
has  remained  obscure  for  so  long,  namely,  the  origin  and  life  his¬ 
tory  of  chlorophyll-containing  plastids.  The  progress  made,  since 
the  work  of  Schimper  and  Meyer  may  be  judged  by  comparing  the 
state  of  this  question  when  there  were  no  methods  for  preserving 
plastids  in  stained  preparation  and  when  the  investigator  had  to 
be  content  with  incomplete  observations  of  living  material,  to  the 
present  status  of  the  question  with  its  very  accurate  data  obtained 
by  mitochondrial  technique,  completed  by  observation  of  living 

material 

1  It  is  now  evident  that  the  chlorophyll-containing  plants  possess 
two  categories  of  organelles  which  are  permanently  found  in  every 
cell,  both  of  which  show  all  the  characteristics  of  chondriosomes 

m  Th^firsT category ,  whose  role  it  has  not  been  possible  to  define 
comnletelv  corresponds  to  the  chondriosomes  found  in  ceds  of 
animals  and  fungi.  Its  elements  may  be  called  inactive  chondno- 

corresponds  to  the  plastids  of  Schimper.  These  are  to  be  d.s 

‘""Ttsf  tUwnodecatehgorTerof ' Organelles  seem  each  to  keep  their 

individuality  in  the  course  of  cellular  ^e™^Pt^en^udbera™ior, 

form  only  by  division  of  Jce„/ of  phane^ 

difficult  to  demonstrate  for  the ,P!af_  known  regarding  the  chloro- 
gams,  is  absolute ly  proved ffiy  ^at  is  know^rega  JT  ^  . 

plasts  ofu^reen,algae’fbLTBERGERyon  Selaginella.  It  is  extremely 
by  the  observations  of  LMBERGE  shared  by  the  genuine 

probable,  also,  that  these  charactenstics  are  s  ar  y  ^ 

chondriosomes,  since  these  ^  novo  or  to  disappear 

they  have  never  been  ob®e5vp  f  ;  ion  Indirect  arguments  in 
and  since  they  are  capable  o a™ls^reover,  from  the  behavior 
favor  of  this  opinion  may  be  drawn  i ’  . 

of  the  plastids  which  are  'Sents  have  (except  in  many  algae 
The  two  categories  of  elements  charactens- 

in  which  chlorophyll  persists  in  all  stages),  ui 
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tic  forms:  granules,  rods  and  filaments,  capable  of  changing  from 
one  shape  to  the  other.  They  offer,  moreover,  and  this  is  much 
more  important,  the  same  histophysical  characteristics  (same  re- 
fractivity,  same  viscosity,  same  process  of  alteration)  and  the 
same  histochemical  characteristics,  even  to  their  behavior  with  a 
great  number  of  chemical  reagents  and  dyes.  For  these  reasons, 
it  is  generally  impossible  to  tell  them  apart  in  embryonic  cells  of 
plants  in  which  chlorophyll  is  not  continuously  elaborated.  The 
plastids,  therefore,  are  distinguished  from  other  chondriosomes 
only  by  the  fact  that  they  are  the  centers  of  very  active  elabora¬ 
tions  which  considerably  modify  their  shape.  This  is  true  in  cells 
lacking  in  chlorophyll  in  which  plastids  elaborate  starch,  and  espe¬ 
cially  true  in  green  cells  in  which  the  plastids  become  voluminous 
because  of  the  chlorophyll  which  they  accumulate.  Moreover,  these 
modifications  of  form  may  be  only  transitory.  The  amyloplasts  in 
cells  without  chlorophyll,  as  soon  as  the  starch  has  been  absorbed, 
go  back  to  their  forms  of  typical  chondriosomes.  The  chloroplasts 
themselves  may  in  some  cases  lose  their  chlorophyll  and  return 
to  their  original  state  as  chondriosomes.  In  a  word,  the  chondrio- 
somal  form  is  the  form  taken  by  these  organelles  during  the  func¬ 
tionally  inactive  period.  The  only  distinction,  therefore,  that  exists 
between  the  animal  and  fungal  cell  on  the  one  hand,  and  the  cell 
of  the  green  plant  on  the  other,  is  the  presence  of  plastids,  the 
second  category  of  chondriosomal  elements.  This  distinction  is  re¬ 
lated  to  the  existence  of  the  chlorophyll  function  which  charac¬ 
terizes  green  plants. 

These  facts,  now  exactly  demonstrated  by  our  work  and  that 
of  our  students,  carried  on  over  a  period  of  thirty  years,  have  led 
us  to  formulate  the  theory  of  the  duality  of  the  chondriome  in 
chlorophyll-containing  plants.  This  consists  in  stating  that  the 
chondriosomes  of  chlorophyll-containing  plants  are  composed  of 
two  categories  having  between  them  the  same  relationships  which 
the  heterochromosomes  bear  to  the  autochromosomes,  the  first  cate¬ 
gory  (the  genuine  chondriosomes)  being  very  similar  to  the  chon- 

cnmnnTr?  °r  animals  and  fungi,  the  second  category  (the  plastids) 
composed  of  a  supplementary  line  of  chondriosomes  related  to 

tv,ynfheS1S,+ WhlCh  characterizes  these  plants.  It  is  obvious 

cal  construtior,eg°mh  mUSt’  ^  “ft  possess  differen<*s  in  chem- 
1™  constitution.  Otherwise  it  could  not  be  explained  whv  one 

The  question  is  therefore  definitely  solved  as  far  an  f  f 
are  concerned  and  it  is  demonstrated tW  +1*  1  5  the  facts 

plastids  are  two  individual  cellular  components witWhf8  ^ 
lipoprotein  constitution,  capable  of  presenWng  ^ntTcaU^pesTut 
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developing  side  by  side  without  any  genetic  bond  between  them. 

This  is  undeniable  and  cytologists  are  more  and  more  inclined 
today  to  admit  it.  There  is  only  one  point  which  still  remains  hy¬ 
pothetical  and  this  is  the  identification  of  plastids  with  chondrio- 
somes  which  many  cytologists  still  refuse  to  accept.  In  order  to 
settle  the  question  definitely  we  should  have  to  know  more  pre¬ 
cisely  the  chemical  constitution  of  these  two  categories  of  elements 
and  this  is  impossible  in  the  present  state  of  science.  We  should 
also  have  to  obtain  information  on  the  phylogeny  of  plastids  and 
chondriosomes  which  now  escapes  us.  That  which  is  certain  is 
that  the  chondriosomes  and  plastids  can  only  be  regarded  as  very 
closely  allied  formations.  It  is  illogical  to  deny  these  incontestable 
relationships  as  so  many  cytologists  still  do,  for  it  is  a  much  greater 
assumption  to  consider  them  as  essentially  different  formations 
than  it  is  to  put  them  both  together  under  the  heading  of  chondrio¬ 
somes.  Also,  our  theory,  which  nothing  has  contradicted  since  we 
formulated  it  nearly  twenty-five  years  ago,  seems  to  be  the  only 
interpretation  possible  in  the  present  state  of  knowledge.  It  has, 
furthermore,  the  advantage  of  suggesting  a  series  of  working  hy¬ 
potheses,  not  only  with  respect  to  the  role  of  the  genuine  chondrio¬ 
somes  which  is  at  present  almost  completely  unknown,  but  also 
with  respect  to  the  physiological  functionings  of  the  plastids  in  the 
elaboration  of  chlorophyll,  their  functioning  in  photosynthesis  and 
in  the  condensation  of  hexoses  into  starch.  It  is  possible  to  imagine 
that  a  day  will  come  when  the  physico-chemical  study  of  the  cyto¬ 
plasm  will  show  us  that  the  chondriosomes  have  a  very  general 
function  of  which  that  manifested  by  the  plastids  is  only  one 

specific  part. 


Phylogenesis  of  chondriosomes  and  plastids:-  Nothing  is  known 
about  the  phylogenesis  of  these  two  categories,  chondriosomes  and 
plastids,  whose  chemical  constitutions  are  so  closely  allied.  The 
fungi  which  many  botanists  consider  to  be  derived  from  the  algae, 
Show,'  however,  no  trace  whatever  of  plastids.  There  is  only  one 
line  of  chondriosomes  in  them.  In  the  Cyanophyceae  (p.  4  ), 
which  by  reason  of  the  primitive  structure  of  their  nucleus,  ma>  be 
considered  as  the  most  inferior  algae  known,  it  is  impossible,  a 
we  have  seen  above,  to  detect  the  presence  of  chondriosomes  and 
of  nlastids  The  chlorophyll  is  diffuse  in  the  cytoplasm  of  these 
:  ga  It  haJ  sometimes  been  thought  that  the  hpoprotem  sub- 

f"<*  the^  absence 

of^plastids  and  on  the  fact  that  chlorophyll  can  hardly  have  as ^sub¬ 
stratum  any  other  than  a  lipoprotem  -".  Inwall  fl^ellate 
algae,  another  infenor  group  thought  to  I ^comm^  ^  ^ 
of  algae  and  protozoans,  there  exist  ve^y  chon“riosomes  (Chade- 
chlorophyll,  some  without.  A1  • ‘  containing  forms  the 

faud).  we  have  seen  that  «  <*l0~SSta  phanerogams 
plastids  sometimes  look  like  the  „  s;ngie  voluminous 

(Euglenas,  Peridiniaceae) ,  sometimes  appear  as  a  single 
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chloroplast  (certain  Chrysomonadales) .  According  to  Chadefaud, 
the  forms  possessing  only  a  single  chloroplast  represent  the  most 
primitive  types. 

Among  the  forms  without  chlorophyll,  Volkonsky  has  reported 
in  Polytoma  uvella  the  existence  of  a  single  leucoplast  per  cell, 
which  appears  as  a  fine  network  spread  throughout  the  cytoplasm. 
This  leucoplast  elaborates  starch.  More  recently  Miss  Rabinovitch 
found  the  same  organelle  in  Polytomella  coeca.  It  has  been  possible 
to  suppress  the  chlorophyll  by  various  cultural  processes  in  the 
Euglenas  but  it  has  not  been  possible  previously  to  understand 
what  became  of  the  chloroplasts  in  the  forms  deprived  of  chloro¬ 
phyll.  In  the  phylogenetic  series,  above  the  flagellated  algae  are 
placed  the  green  algae,  such  as  the  Chlorophyceae,  which  often 
possess  only  a  single  voluminous  chloroplast.  We  then  progress 
through  the  Rhodophyceae,  the  Characeae  and  bryophytes  to  the 
pteridophytes  and  phanerogams,  in  which  the  plastids  are  always 
fragmented  into  numerous  small  elements  similar  to  chondriosomes. 


Chapter  XI 

HYPOTHESES  RELATIVE  TO  THE  ROLE  OF 
CHONDRIOSOMES  AND  PLASTIDS 


It  has  just  been  seen  that  cytological  investigations,  carried 
out  during  recent  years,  have  shown  that  the  cytoplasm  always 
contains  in  suspension  various  inclusions,  among  which  the  most 
important  are  the  chondriosomes  to  which,  in  chlorophyll- 
containing  plants,  are  added  the  plastids.  The  latter  present  a  close 
analogy  to  the  chondriosomes  but  may  be  considered  as  a  line  dis¬ 
tinct  from  these  elements. 


Immediately,  this  raised  the  question  as  to  the  role  of  the 
chondriosomes  and  plastids.  We  find  ourselves  here  on  uncertain 
ground,  for  it  must  be  recognized  that  if,  at  the  present  moment, 
our  morphological  knowledge  is  very  advanced,  we  are  still  ex¬ 
tremely  ill-informed  as  to  the  role  which  must  be  attributed  to 
these  various  elements  in  the  functioning  of  the  cell.  As  Devaux 
says,  “The  fact  is  that  we  do  not  sufficiently  know  the  inner  organ¬ 
ization  of  the  cell,  for  all  that  a  microscopic  study  makes  possible 
is  a  first  approximation,  manifestly  incomplete.  We  should,  for 
complete  knowledge  of  the  cellular  mechanism,  be  able  to  reach 
the  molecules  themselves,  that  is,  the  elementary  particles  of  the 
cell,  and  study  them  from  the  triple  point  of  view  of  structure,  of 
molecular  attractions  and  movements,  as  well  as  from  the  point 
of  view  of  reciprocal  relations/’  Perhaps  some  day  the  progress 
of  physical  chemistry  will  give  us  precise  information  on  this 
Doint  but  for  the  moment  we  must  be  content  with  hypotheses 
which  are  still  very  vague  and  which  we  will  take  up  hcre  as 
briefly  as  possible.  Investigations  at  the  beginning  of  the  study 
of  chondriosomes  led  various  authors,  Regaud  in  particu  ar, 
attribute  to  the  chondriosomes  of  animal  cells,  an  important  lole 
?n  the  phenomena  of  secretion.  According  to  this  opinion  the 

Stio^^^ 

fact  that  it  is  precisely  the  histochemical  re- 

which  show  exactly  the  same  forms  and  thew™  “  that  more 
actions  as  the  chondriosomes,  we  have  of  fungi, 

accurate  research  on  animal  ce  ^  observation  of  living  ma- 
employing  the  control  metho  been  abie  to  confirm  this 

terial  and  of  vital  stoning,  have  (NQgL)  The  direct  par- 

secretory  role  except  in  excep  nh  omena  of  secretion  seems  to  us 

Sore  to  be  hypothetical  and  in  reality  we  know  nothing  as  to 
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the  role  of  these  organelles.  Nevertheless,  the  fact  that  the  chon¬ 
driosomes  usually  show  no  morphological  evidences  which  can  be 
related  to  their  participation  in  secretory  phenomena  does  not 
exclude  the  possibility  that  they  may  have  a  role  in  these  phenom¬ 
ena,  and  it  is  possible  that  later  studies  may  succeed  in  demon¬ 
strating  this  role  which  is  suggested  by  the  close  parentage  of 
chondriosomes  and  plastids.  So  all  cytologists  are  at  present  agreed 
in  attributing  to  the  chondriosomes  some  important  role  in  cellular 
metabolism. 

The  role  of  the  plastids  in  chlorophyll-bearing  plants  is,  on  the 
contrary,  very  clear,  for  it  is  manifested  morphologically  by  the 
production  within  these  organelles  of  chlorophyll,  carotinoid  pig¬ 
ments,  starch  grains  and  so  forth.  However,  we  do  not  know  at 
all  by  means  of  what  physico-chemical  processes  these  phenomena 
are  brought  about.  At  first  an  essential  role  in  the  elaboration  of 
these  different  products,  as  well  as  participation  in  the  phenomenon 
of  photosynthesis,  was  attributed  to  the  plastids.  The  plastids 
were  considered  as  small  laboratories  which  were  the  seat  of  the 
most  important  synthesis  in  the  plant  cell. 


At  the  present  time  there  is  a  tendency,  rightly  or  wrongly,  to 
react  against  this  way  of  thinking  and  to  consider  the  plastids  as 
perhaps  only  the  accumulation  centers  for  certain  substances  manu¬ 
factured  by  the  cytoplasm  itself.  In  any  case,  the  work  of  modern 
physiologists  caused  it  to  be  thought  that  the  plastids  contribute 
only  in  part  to  photosynthetic  phenomena.  Actually,  we  still  do 
not  know  how  much  to  attribute  to  the  chlorophyll,  how  much  to 
the  substratum  of  the  plastids  and  how  much  to  the  cytoplasm. 
Nevertheless,  it  seems  that  the  plastids  do  indeed  play  an  important 
part  in  photosynthesis.  In  any  case,  there  is  a  role  which  cannot 
be  denied  the  plastids.  It  is  the  ability  to  condense  the  hexoses 
into  starch.  In  this  case  it  is  a  question  not  of  accumulation  but 
of  actual  synthesis.  The  influence  of  plastids  on  the  form  and 
growth  of  starch  grains  is  manifested  by  the  fact  that  these  prop- 

lermmed  by  the  P'ace  where  the  Srain  aPPears  in  the 
plastid.  If  the  gram  arises  in  the  middle  of  the  plastid,  the  hilum 

i.e.,  its  oldest  part,  is  the  center  and  concentric  layers,  which  are 

the  outcome  of  growth  by  apposition,  develop  regularly  about  it. 

The  starch  grain  in  this  case  remains  entirely  enveloped  by  a  thin 

mitochondrial  layer.  When,  on  the  contrary,  the  growing  era  n 

SfdwhthPtrPhery  °f  tbe  plastid>  “  burstsout  o*  the 

plastid  which  then  covers  it  as  a  sort  of  cap  at  only  one  extremitv 

the  interior  of 

lysis  of  starch  (Meyer,  Salter).  Maige,  on  the  contra^,  thfnks 
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that  there  is  in  the  plastid  only  a  synthesizing  diastase  and  that 
the  hydrolyzing  diastase  has  its  seat  in  the  cytoplasm.  The  ex¬ 
istence  of  diastase  is,  however,  not  necessary,  if  the  hypotheses 
are  accepted  as  formulated  by  Nageotte  and  Devaux  who  con¬ 
sider  the  plastids  and  chondriosomes  as  catalysts. 

It  is  known,  moreover,  that  plastids  in  the  embryo  sac  of  Lilium 
candidum  may  enclose  protein  crystalloids  which  are  used  as  re¬ 
serve  products.  Some  experiments  seem  to  indicate  that  the  plas¬ 
tids  have  the  ability  to  accumulate  proteins  and  it  is  even  possible 
that  they  may  be  very  important  synthesizing  centers  (Ullrich, 
Granick,  etc.).  Recently  Volkonsky  seems  definitely  to  have 
furnished  proof  that  the  reticulate  leucoplast  of  Polytoma  uvella 
undergoes  considerable  variations  in  volume  depending  on  the  na¬ 
ture  of  the  nutriment  furnished  it.  It  expands  greatly  in  media 
rich  in  assimilable  nitrogen.  The  leucoplast  seems,  therefore,  to 
be  the  region  of  the  cell  to  which  nitrogenous  nutrients  most  readily 
go,  especially  the  amino  acids,  which  are  there  transformed  into 
more  complex  products.  This  phenomenon  is  to  be  considered  in 
connection  with  the  observations  of  Noel  on  chondriosomes  in 
livers  of  mammals,  and  seems  to  confirm  the  hypothesis  of  Robert- 
son-Marston,  of  which  more  will  be  said  later.  Yet  Volkonsky 
says  that  this  synthesis  does  not  go  beyond  polypeptides  and  that 
the  formation  of  proteins  is  completed  in  the  vacuoles. 

It  is  seen  that,  in  reality,  we  are  still  very  insufficiently  in¬ 
formed  on  the  role  of  plastids.  The  close  relationship  of  the  plas¬ 
tids  and  chondriosomes  leads  us  to  suppose  that  the  two  categories 
of  elements  must  have  a  single  function  which  is  very  general 
and  that  the  function  manifested  morphologically  by  the  plastids 
is  only  a  special  example  of  it.  Thus,  while  admitting  with  the 
majority  of  cytologists  that  the  chondriosomes  have  an  important 
role  in  metabolism,  we  can,  at  the  same  time  examine  the  various 
hypotheses  which  have  been  proposed  to  explain  the  role  of  plas¬ 
tids  and  that  of  chondriosomes  and  which  may  apply  to  both 

Catepurely  fo/hiTtorical  interest,  the  theory  formulated  in  France 
by  Portier  (1919),  then  in  America  by  Wallin  (1922)  may  firs 
be  mentioned.  This  theory  held  that  the  chondriosomes  and  plas¬ 
tids  represent  symbiotic  bacteria  which  are  found  present  in  all 
cells  and  by  means  of  which  all  syntheses  take  place  m  he 
n  Tt  was  based  solely  on  the  morphological  resemblance  of  the 

cells,  notably  those  ‘  th  h  b  dr\osomeg.  The  theory  is  untenable, 
legumes,  .^in'ikethecn  bacteria  stain  as  the  chon- 

f°r  even  if  it  “  it  signifies  nothing  since  these 

dnosomes  do  by  tnese  ?  crmhin+iY  bacteria  show  histo- 

r  °w"y  and  olit- 


Chapter  XI 


-119- 


Role  of  Chondriosomes 


sky,  Duesberg,  Levi,  and  Milovidov,  is  today  abandoned  by  Por- 
tier  himself.  Nevertheless  it  had  the  merit  of  initiating  investi¬ 
gations  which  have  produced  methods  by  which  chondriosomes  can 
be  distinguished  in  cells  from  symbiotic  and  parasitic  bacteria. 
Cowdry  and  Olitsky,.  Duesberg,  and  Milovidov  have  described 
methods  by  wrhich,  in  the  cells  of  nodules  of  legumes  and  in  the 
adipose  cells  of  cockroaches,  symbiotic  bacteria  can  be  distin¬ 
guished  from  the  chondriosomes  by  means  of  differential  staining. 
By  these  methods  Milovidov  found  that  the  symbiotic  bacteria  and 
the  chondriosomes,  including  the  plastids,  are  both  distributed  to 
the  daughter  cells  during  mitosis  but  not  in  the  same  manner.  He 
has  demonstrated,  besides,  that  centrifuging  brings  about  a  dis¬ 
placement  of  the  symbiotic  bacteria  in  the  direction  of  the  centri¬ 
fugal  force  but  has  no  influence  on 
the  chondriosomes  and  plastids.  The 
symbiotic  bacteria,  therefore,  are 
heavier  than  the  cytoplasm  and  are 
heavier  than  the  chondriosomes  and 
plastids.  (Figs.  80,  81). 

This  work  on  animal  cells  led 
Regaud  to  'consider  the  chondrio¬ 
somes  as  “organelles  having  an  eclec¬ 
tic  and  pharmaceutical  function  in 
the  cell”  i.e.y  as  “electosomes”.  Ac¬ 
cording  to  this  theory,  the  chondrio¬ 
somes  by  means  of  a  physico-chemical 
mechanism  still  unknown,  draw  from 
the  surrounding  medium  the  mate¬ 
rials  necessary  to  the  life  of  the  cell, 
transform  them  and  finally  release 
the  product  of  elaboration,  so  that  it 
>may  be  excreted  or  kept  in  reserve. 

An  analogous  theory  was  applied  by 
P.  A.  Dangeard  to  his  “vacuome” 
which  he  likened  to  the  chondriome 

Mayer  and  Schaeffer,  basing  their  idea  on  reports  according  to 
which  the  fatty  acids  contained  in  the  lecithins  are  made  to  nlav 

somes  by  virtuTof"^' ^  SUggested  that  the  chondr J 

=  g  the  ve,°yf genem/wtion  ofTeduclIon 

and'  indirection  ceZur^hes^  *  **  ph~ 

and  plastids  are  the  source  of  vnZ  .  J-  .  *  the  ch°ndriosomes 

playing  an  important  role  in  the  oxidaZlZn^61'  Substances 
cells.  Various  workers  have  reveaZ  in  the  n  T  pr°Cess  in 
presence  of  oxidases  or  peroxidases  (MALKreh°D  dri°SOmeS  the 
genot).  Chodat  and  Rouge  found  thaUnnZ?’  P,f^ANT’  Man' 
are  localized  in  the  plastids.  In  these  last  years  Jo^.^NE 


Fig.  80.  —  Cells  of  lupin.  Bac¬ 
teria  and  chondriosomes  differential¬ 
ly  stained.  The  bacteria  (grey) 
cluster  at  the  poles  during  mitosis, 
the  chondriosomes  (black)  surround 
the  chromatic  spindle.  (After  Milo¬ 
vidov). 
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and  Giroud  have  maintained  that  glutathione  is  found  in  the  chon- 
driosomes.  Joyet-Lavergne  reports  having  localized  vitamin  A 
in  the  chondriosomes  and  in  the  plastids,  but  he  does  not  seem  to 
have  brought  forward  sufficient  proofs  for  this  localization.  He 
even  reports  having  proved  by  means  of  certain  reagents  that  the 
oxidation-reduction  capacity  of  the  chondriosomes  in  the  Sapro- 
legniaceae  depends  on  the  presence  of  this  substance  in  the  sub¬ 
stratum.  As  a  matter  of  fact,  the  reactions  used  to  detect  the 
presence  of  glutathione  in  cells  are  not  such  as  to  permit  it  to  be 
localized  in  the  cytoplasm  with  any  accuracy.  At  the  present  time 
there  do  not  seem  to  be  any  microchemical  reagents  which  can 
localize  glutathione  in  the  chondriosomes  and  the  hypothesis  of 
Joyet-Lavergne  has  not  been  verified.  In  fact,  we  shall  see  that 

the  chondriosomes  do  not  seem  to  have  of 
themselves  any  reducing  power.  In  any  case, 
they  are  incapable  of  reducing  Janus  green 
to  its  leucoderivative,  contrary  to  what  has 
been  thought  up  to  now.  As  for  the  oxidizing 
role  of  these  elements,  it  has  not  been  con¬ 
firmed  either. 

Giroud  and  his  collaborator  report  having 
localized  ascorbic  acid,  also,  within  the  chon¬ 
driosomes  of  animal  cells  by  using  an  acid 
solution  of  silver  nitrate.  These  investigators 
moreover,  attributed  the  Molisch  reaction 
(pp.  54,  104)  which  characterizes  the  chloro- 
plasts  and  which  they  obtained  by  the  same 
reagent,  to  the  presence  of  ascorbic  acid  in 
the  chloroplasts  which  are  thus  reported  to  be 
the  locus  of  this  substance.  To  verify  this 
hypothesis,  Giroud  and  his  collaborators 
measured  the  quantities  of  ascorbic  acid 
present  in  a  great  number  of  plants,  and 
found  an  evident  relation  between  the  pres¬ 
ence  of  chlorophyll  and  that  of  ascorbic  acid. 

St-— 

there  are  those  poor  in  the  -  j  between  the  presence 

chlorophyll.  If  sometimes  a  re  a  ion  in  asCorbic  acid, 

of  chlorophyll  in  the  plastids  and  1 their  ™hnbefe^lained  only  by 

this  is,  consequently,  on  y  m  ot|ier  substances  manufac- 

saying  that  ascorbic  aci  >  ,  ‘  i  ct  0f  photosynthesis.  More- 

tured  in  plants,  is  an  P" .duel t  ot  pno  Gut0UD  is 

rplant/ in  which  very  frequently 


Fig.  81.  —  Fixed  and 
stained  cells  of  lupin 
nodules.  1,  bacteria  re¬ 
sembling  chondriosomes. 
2,  3.  cell  centrifuged 

before  fixing  and  stain¬ 
ing;  bacteria.  heavier 
than  cytoplasm,  left  at 
one  side.  (After  Milo- 

VIDOV  )  . 
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there  exist  phenolic  compounds  (tannins,  oxyflavanol  and  antho- 
cyanin  pigments)  capable  of  reducing  silver  nitrate.  Moreover 
this  reagent  is  never  reduced  by  the  leucoplasts,  the  chromoplasts, 
or  the  chondriosomes  in  tissue  which  is,  nevertheless,  rich  in 
ascorbic  acid  but  lacking  in  chloroplasts  and  there  is  reason  to  be¬ 
lieve  that  ascorbic  acid  is  localized  in  the  vacuoles.  Mirim anoff 
thinks  that  the  Molisch  reaction  has  a  totally  different  significance 
from  that  attributed  to  it  by  Giroud.  He  thinks  that  it  may  be 
compared  to  a  photolysis,  the  activator  being  chlorophyll,  the 
hydrogen  donator,  glucose. 

In  addition,  it  has  been  supposed  that  the  chondriosomes  and 
plastids  are  chemical  catalysts.  From  this  point  of  view  a  first 
hypothesis  was  formulated  by  Nageotte  to  explain  both  the  role 
of  the  genuine  chondriosomes  and  that  of  the  plastids  of  green 
plants.  It  is  based  on  research  in  plant  cytology  which  has  dem¬ 
onstrated  that  the  plastids,  regarded  as  a  special  category  of 
chondriosomes,  are  not  destroyed  during  their  operations,  and  it 
attributes  to  chondriosomes  and  plastids  the  role  of  heterogeneous 
catalysts.  The  homogeneous  catalysts  according  to  this  theory  are 
represented  in  the  cytoplasm  by  the  diastases  and  the  heterogeneous 
catalysts  by  the  chondriosomes  and  plastids. 

Devaux  later  formulated  a  different  hypothesis,  according  to 
which  the  role  of  catalyst  is  played  by  the  interfaces  between  the 
chondriome  and  the  cytoplasm.  Devaux  formulated  an  interesting 
suggestion  which  gives  significance  to  the  heterogeneous  structure 
of  the  cell  and  brings  out  its  real  importance.  He  demonstrated 
that  all  solid  parts  of  the  cell  are  orientated  molecularly.  Each 
molecule  or  elementary  particle  not  only  occupies  there  a  definite 
but  an  oriented,  position.  All  the  poles  of  like  affinities  occupy 
one  face  of  the  membrane  while  all  the  opposite  poles  occupy  the 
other  face.  These  facts  made  it  possible  for  him  to  conclude  that 
the  plasmic  membranes  in  particular  must  constitute  the  principal 
tods  of  the  protoplasm.  Applying  these  data  to  facts  brought  out 
by  eytolog18^,  Devaux,  in  order  to  explain  the  prodigious  work 
which  goes  on  in  the  cell,  alleges  surface  actions  which  may  be 
reduced  to,  or  classified  as,  the  operations  of  surfaces  in  the  Droto 
plasm  Now  all  protoplasmic  surface,  externaf  or  ^nte^S  is' 
^“,nfdfb,y  thf  formation  of  a  coagulation  membrane  The 
?  (catalytic)  membranes  are  the  scene  of  cellular  activities 

(activation  by  surface  agency).  There  is  a  catalytic  local  zltion 
of  protoplasmic  activity  on  the  surfaces  presented  bv the n  ° 
toplasm:  between  the  cytoplasm  on  the  one  hand  and  tVm  ^  iP 

essentially  all  along  the  nrotonlasm^*1111’  r^spiration  takes  place 
Plied  this"  notion**  the*  ehLtptsZ  wn^fvUvTr^0/15- 
?  pu/ely  a  surface  activity.  Devaux  savs  “Tt  m  ,co"slders 
*“  ‘h“  «“  “  *  «*»  ">  — 
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of  small  closed  sacs,  automatically  forming  and  maintaining  them¬ 
selves  at  the  same  time  that  they  produce  all  the  physico-chemical 
transformations  taking  place  in  the  cell.  This  establishes  the 
bond,  heretofore  mysterious,  between  cellular  structure  and  vital 
activity.” 

Cowdry  and  Lecomte  du  Nouy  have  shown,  moreover,  by 
meticulous  measurements,  that  the  surface  of  the  chondriosomes  is 
greater  than  that  of  the  nucleus,  although  the  total  nuclear  volume 
is  about  five  times  greater  than  the  total  chondriosomal  volume  of 
the  same  cell.  The  mitochondrial  substance  seems  therefore  to 
realize  a  maximum  surface  with  the  minimum  of  material  and 
these  investigators  think  that  on  these  interfaces  of  considerable 
area,  certain  substances  may  accumulate  and  the  concentrations 
attained  may  allow  pluri-molecular  reactions  of  the  very  highest 
importance  to  take  place  between  the  interfaces. 

Robertson  has  formulated  a  theory  similar  to  that  of  Devaux 
based  on  the  data  brought  out  by  Marston  who  showed  that  dyes 
of  the  azine  series,  such  as  Janus  green,  have  a  precipitating 
action  specific  for  proteases  and  that,  moreover,  the  action  of  these 
enzymes  is  doubled  in  the  presence  of  an  emulsion  of  lecithin,  the 
surface  of  the  lecithin  serving  as  the  catalytic  surface.  Robertson 
thinks,  therefore,  that  the  staining  of  the  chondriosomes  by  Janus 
green  is  an  index  of  the  presence  of  proteases  in  their  substratum 
and  that  the  chondriosomes  enclose  proteases  of  reversible  action, 
capable  of  bringing  about  both  the  synthesis  and  the  hydrolysis  of 
proteins.  He  believes  that  the  chondriosomes  may  be  the  site  of 
proteosynthesis,  a  synthesis  which  takes  place  by  virtue  of  the 
lipide  surface  of  the  chondriosome  which  acts  as  the  catalytic 
surface.  In  the  course  of  his  research  on  the  vacuolar  system  .ot 
animal  cells,  Parat  noticed  that  the  cytoplasm  and  the  chondrio¬ 
somes  seem  to  have  a  reducing  power,  while  the  vacuoles  seem  to 
have  an  oxidizing  power.  This  investigator  is  thus  led  to  formu¬ 
late  the  hypothesis  that  the  chondriome  brings  about  oxidation- 
reductions  by  means  of  which  cellular  synthesis  is  earned  out  and 
that  the  second  phase,  or  respiratory  oxidation,  which  follows 
^se  phenomena  occure  in  the  vacuoles.  Having  observed  more 
over  that  the  chondriosomes  and  the  vacuoles  are  often  in  intimate 
contact  Parat  supposes  that  the  combination,  chondriome  v 
uome  is  responsible  for  protein  synthesis  which,  according  to 
ROBERTSON,  entails  a  lipide  phase  and  an  aqueous  p nase. 
author  thinks,  also,  that  the  vacuolar  system  may  bt  t  g 
which  operations  begun  in  the  c^ndnome^  ^eos™™fPRoBERTSON 
cently  Miss  Le  Breton,  basing  h  t0Yet-Lavergne,  Giroud, 

a  ssnst  ~  EW—Ssaiias 

conditions  necessary  and  sufficient  for  them  to 


Chapter  XI 


123  — 


Role  of  Chondriosomes 


observed  by  many  authors  (Guilliermond,  Parat,  Sorokin)  had 
led  to  the  acceptance  of  the  idea  that  chondriosomes  have  the  power 
to  reduce  Janus  green  to  its  leucoderivative.  It  will  be  seen  that 
this  interpretation  is  inexact  and  that  the  chondriosomes  are  in¬ 
capable  of  carrying  out  this  reduction.  All  that  they  do  is  to 
reduce  Janus  green  to  its  rose  derivative,  which,  having  less  affinity 
for  the  chondriosomes  than  for  the  cytoplasm  or  the  vacuole,  dif¬ 
fuses  into  these  latter.  The  chondriosomes,  moreover,  share  this 
property  with  the  vacuole  when  the  latter  contains  substances 
capable  of  holding  the  dye  and  often  the  reduction  even  begins  in 
the  vacuoles  and  is  completed  in  the  chondriosomes.  On  the  whole, 
Janus  green  is  reduced  wherever  it  is  localized  and  the  chondrio¬ 
somes  do  not  seem  to  have  a  more  active  role  in  this  reduction  than 
the  other  elements  of  the  cell.  The  chondriosomes  can  not  then 
be  considered  as  having  a  reducing  capacity  and  the  vacuoles  as 
having  an  oxidizing  capacity. 

Nothing  is  positively  known  about  the  role  of  the  chondrio¬ 
somes.  One  fact,  however,  stands  out  from  recent  research.  This 
is  that  the  chondriosomes,  like  the  leucoplasts,  have  the  property 
of  being  stained  selectively  and  in  a  transitory  manner  by  a  rather 
large  number  of  vital  dyes,  which  dyes  later  accumulate  in  the 
vacuole.  It  could  therefore  be  supposed  that  they  behave  in  the 
same  way  in  the  absorption  of  various  substances  which  the  cell 
takes  from  the  external  medium.  According  to  this  theory,  these 
substances  are  taken  up  by  the  chondriosomes,  then  thrown  off 
into  the  vacuole,  either  directly,  or  after  having  undergone  some 
transformation  (synthesis),  this  transformation  being  brought 
about  during  contact  with  the  chondriosomes,  by  the  mechanism 
suggested  by  Devaux.  This  hypothesis,  which  seems  to  agree  both 
with  that  of  Regaud  and  that  of  Devaux,  explains  the  accumula¬ 
tion  of  protein  by  the  chondriosomes  of  the  liver  when  an  animal 
is  subjected  to  an  exclusively  nitrogenous  diet  (R.  Noel)  and 

^Volkonsky)  CaPadty  °f  leucoplasts  to  take  UP  amino  acids 

.  i  APait  from  these  hypotheses,  it  has  been  thought,  also,  that 
e  chondriosomes  and  the  plastids  might  have  a  role  in  the  phe- 

carriecf  out^on^rd^t  T1?'®  wasthe  opinion  of  Meves.  From  work 
to  ™  “1?  Plants  with  vanegated  leaves  and  branches,  that  is 

i  Pl.  presenting  a  mosaic  of  green  leaves  and  colorless 
Plastidttemto  have  fn^ Sty  3  r6'e  that  the 

flowerrsegatethhybrtd  °*  0enothera  «>• 

flowers  at  the  extremity  of  green  branches  and  at  the  ends  ^f 

branches  has  given  a  miv+nro  Jf  P  i  e?  ^rom  lowers  on  green 
seedlings  and  normal  green  seedlings  °rinSSfl  Seedhn,gs'  ynniegated 
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pollen  of  flowers  produced  on  colorless  branches.  Most  of  the 
descendants  of  such  a  cross  are  green,  some  are  variegated  but 
none  are  colorless.  To  explain  these  data,  the  hypothesis  has  been 
put  forth  that  the  oospheres  and  pollen  grains  within  flowers  grow¬ 
ing  on  uncolored  branches  contain  only  plastids  incapable  of  be¬ 
coming  green.  In  the  first  series  of  experiments,  the  oospheres 
with  modified  plastids  reached  by  pollen  tubes  with  plastids  equally 
modified,  give  rise  to  colorless  plants;  when  reached  by  pollen 
tubes  containing  normal  plastids,  they  produce  variegated  or  green 
plants  because  a  small  number  of  plastids  of  male  origin  have 
penetrated  the  oosphere.  During  the  succeeding  divisions  the 
normal  plastids  are  distributed  by  chance.  When  some  cells  re¬ 
ceive  only  these  normal  plastids,  while  others  receive  modified 
plastids  of  maternal  origin,  variegated  plants  are  obtained.  When 
the  normal  plastids,  although  brought  in  in  very  small  numbers,  are 
distributed  among  all  cells  of  the  embryo,  an  entirely  green  plant 
is  the  result.  Finally,  when  normal  plastids,  having  been  brought 
in  in  very  small  numbers  remain  in  a  negligible  quantity,  colorless 
plants  are  obtained.  In  the  second  series  of  experiments,  colorless 
plants  were  never  procured  because  in  this  case  the  cytoplasm  of 
the  oosphere,  which  is  always  in  excess  of  that  delivered  by  the 
pollen  tube,  contains  normal  plastids.  The  few  variegated  seed¬ 
lings  give  evidence  of  modified  plastids  having  been  brought  in  b> 
the  pollen  tube.  Finally,  to  account  fully  for  the  differences  between 
the  results  obtained  in  the  two  series  of  experiments,  it  must  be 
admitted  that  the  normal  plastids,  capable  of  becoming  green,  in- 
crease  in  numbers  more  rapidly  than  do  the  modified  plastids. 
That  is  why  the  latter,  although  brought  in  in  large  quantity  by  the 
nollen  tube  are  never  represented  exclusively  in  one  plant. 

The  hypothesis  is  evidently  plausible  but  it  has  no  cytological 

basis _ at  least  up  to  the  present— for  we  have  seen  that  the  b 

havior  of  the  plastids  and  chondriosomes  in  fertilization  is  no 

known. 
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Early  data.  Insufficiency  of  methods.  Theory  of  Hugo  de  Vries 
Plant  cells  always  contain,  in  their  cytoplasm,  watery  inclusions 
to  which  have  been  given  the  name  vacuoles  and  which  are  the  re¬ 
gions  of  accumulation  of  numerous  metabolic  products.  The 
vacuoles  contain  a  liquid  called  the  vacuolar  sap  which  holds  in 
solution  very  diverse  crystalloid  substances,  such  as  mineral  or 
organic  salts,  mineral  acids,  sugars,  and  so  forth. 

In  cells  in  the  process  of  differentiation,  several  vacuoles  are 
generally  found  but  in  most  mature  cells  there  is  only  one  enormous 
vacuole  which  occupies  the  greater  part  of  the  cell,  the  cytoplasm 
forming  about  it  only  a  thin  parietal  layer  containing  the  nucleus 
appressed  to  the  cell  wall. 

The  splendid  investigations  of  the  Dutch  botanist,  Hugo  DE 
Vries,  brought  out  the  essential  role  of  vacuoles  in  osmotic  phe¬ 
nomena  of  the  cell  and  showed  that  a  mature  plant  cell  may  be 
likened  to  a  small  osmometer,  composed  of  a  semi-permeable  ecto¬ 
plasmic  layer  which  lines  the  permeable  cell  wall  on  the  inside,  and 
of  a  vacuole  containing  a  solution  of  crystalloid  substances.  No 
great  modification  is  observed  to  take  place  if  mature  plant  cells 
are  placed  in  water,  for  example,  a  staminate  hair  of  Tradescantia 
which  has  the  advantage  of  being  easily  detached  and  of  being 
made  up  of  large  cells  which  lend  themselves  easily  to  observation 
However,  it  can  often  be  observed  that  the  vacuole  dilates  and 
by  its  pressure  causes  a  curvature  of  the  cell  wall.  The  vacuolar 
sap,  by  virtue  of  the  crystalloid  substances  which  it  holds  in  so- 
lution  has  an  osmotic  pressure  superior  to  that  of  pure  water 
It  is  therefore  hypertonic  to  water  and  so  endosmosis  takes  place! 

vacuohir^n  thus  arenplunged  lnto  a  solution  hypertonic  to  the 
I!  P’  tbese  cells  then  show  a  remarkable  phenomenon  dis- 

covered  by  de  Vries  and  called  by  him  plasmolysis.  ThTre  is  pro¬ 
duced  an  exosmosis  which  causes  a  contraction  of  the  protoplasm 

wall  and  PlaSmr  beC°meS  m°re  and  more  detached  fron^theceli 

mas;  separated  from  \he  celT  wah  "but^remaf'  \gI°bular 

Wl-m  L  tSSST. “id“‘  nto'L'X'Sf  tf“ 

nected  like  beads  on  a  string  hv  o  fu-  eve[al  globular  masses  con- 

phenomenon  is  caused  primarily  bv^hl  exit^0  This 

vacuole,  accompanied,  of  course7  bv  a  lnnt  fr°m  the 

part  of  the  protoplasm  but  !s  ^  °f  imblbition  on  the 

which  brings  about  the ’contraction  of  the  pTofopLm  ‘wh^016 
the  cells  on  wh.ch  the  experiment  is  bein/cfrrSTut  con^nTn 
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their  vacuoles  an  anthocyanin  pigment  which  gives  them  a  natural 
color,  it  is  observed  that  as  the  cells  become  plasmolyzed  the  color 
of  the  vacuole  is  considerably  accentuated.  The  pigment  therefore 
is  becoming  concentrated  in  the  vacuole. 

The  phenomenon  of  plasmolysis  takes  place  only  in  living  cells. 
A  dead  cell  has  become  permeable  and  can  no  longer  be  plasmolyzed. 
Therefore  the  capacity  of  the  cell  for  being  plasmolyzed  serves  as  a 
criterion  as  to  whether  the  cell  is  living. 

When  carried  out  with  certain  precautions,  plasmolysis  does 
not  cause  the  death  of  the  cell  and  may  be  followed  by  the  converse 
phenomenon,  if  the  cell  be  placed  in  a  solution  of  pure  water. 
Endosmosis  then  occurs  which  again  brings  about  the  dilation  of 
the  vacuole  and  the  cytoplasm  once  more  becomes  pressed  to  the 
cell  wall.  The  cell  now  recovers  its  normal  aspect.  It  is  said  to 
have  been  deplasmolyzed. 

As  the  ectoplasmic  layer  which  lines  the  interior  of  the  cell 
wall  is  generally  only  relatively  semi-permeable,  plasmolysis  is  fol¬ 
lowed,  at  the  end  of  a  period  varying  according  to  the  case,  by  a 
spontaneous  deplasmolyzing  action  which  is  brought  about  by  the 
gradual  penetration  into  the  vacuole  of  the  substance  dissolved  in 
the  surrounding  medium.  Thus  there  is  re-established  an  osmotic 
equilibrium  between  the  vacuolar  sap  and  the  external  medium. 

If  plasmolysis  is  brought  about  too  brusquely,  however,  it  leads 
to  the  death  of  the  cell.  As  soon  as  this  happens,  the  ectoplasmic 
layer  disorganizes  and  water  enters  the  cellular  cavity.  The  proto¬ 
plasm  is  coagulated  and  the  cell  cavity  now  contains  nothing  but 
protoplasmic  coagulations  floating  in  the  water  which  has  accumu¬ 
lated  within  the  cell  cavity.  Now,  during  this  phenomenon  the 
vacuole,  which  is  more  resistant,  remains  stretched  out  in  its 
habitual  shape  and,  if  it  contains  anthocyanin,  this  pigment  remains 
localized  within  the  vacuolar  sap.  The  vacuole  appears  to  be  sep¬ 
arated  from  the  medium  by  a  limiting  semi-permeable  layer.  This 
layer  is  resistant  much  longer  than  the  ectoplasmic  layer.  The 
vacuole  may  thus  be  preserved  for  a  very  long  time.  Then  its 
limiting  layer  is  destroyed  in  turn,  and  the  contents  of  the  vacuole 
blend  with  that  of  the  cell  cavity.  In  this  way  the  vacuole  may 
subsist  within  the  cell  cavity  after  the  death  of  the  cell.  This 
phenomenon  de  Vries  called  the  isolation  of  the  vacuole ,  a  classical 
phenomenon  which  has  been  seen  since  by  numerous  mvestigators : 
Tswett,  Guilliermond,  Kuster,  Weber,  Hofler,  Eichberger,  etc. 

This  phenomenon  demonstrates  that  the  vacuole  is  limited  ex¬ 
ternally  by  a  peripheral,  semi-permeable  layer.  It  is  of  the  s< 
nature  as  that  which  surrounds  the  outside  of  the  ^ytoplasm  and 
is  called  the  endoplasmic  layer,  or  penvacuolar  layer.  It 
ever  much  more  resistant  than  the  outer  cytoplasmic  layer- 

As  a  result  of  his  work,  de  Vries  was  led  tc' 
permeable  layer  as  a  differentiated  "'embrane  and  the  va, moles  ^ 
permanent  components  of  the  cell.  He  conside  •  s  rys. 

are  made  up  of  vacuolar  sap,  containing  in  solution  > 

UHoid  substances,  are  surrounded  by  a  semi-permeable,  d.fferen 
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tiated  membrane,  and  are  endowed  with  properties  of  secretion. 
It  is  this  membrane  to  which  de  Vries  gave  the  name  tonoplast, 
which  he  believed  secreted  all  the  substances  dissolved  in  the 
vacuolar  sap.  De  Vries,  moreover,  thought  that  the  vacuoles  can 
not  in  any  case  form  de  novo,  but  are  always  transmitted  by  divi¬ 
sion  from  cell  to  cell,  like  the  nucleus  and  plastids.  In  short, 
de  Vries  compared  the  vacuoles  to  a  sort  of  liquid  plastid  to  which 
van  Tieghem  gave  the  name  hydroleucites. 

At  the  time  that  de  Vries  did  his  work,  however,  the  origin  of 
vacuoles  was  unknown.  All  that  was  known,  and  had  been  known 
for  some  time,  was  that  several  vacuoles  appear  scattered  about  in 
the  cytoplasm  of  cells  which  are  beginning  to  differentiate;  that 
they  enlarge  and  then  coalesce  until  in  mature  cells  there  is  only 
one  enormous  vacuole  occupying 
the  entire  cell,  pushing  the  cyto¬ 
plasm  and  the  nucleus  back  to  the 
periphery.  Aside  from  this,  noth¬ 
ing  was  known.  As  a  matter  of 
fact,  it  is  generally  impossible  to 
distinguish  the  vacuoles  in  living 
embryonic  cells.  Hence,  in  the 
opinion  of  the  earlier  botanists, 
the  vacuoles  were  lacking  in  these 
cells  and  formed  de  novo  in  the 
course  of  cellular  differentiation, 
as  seems  to  be  indicated  in  figure 
82,  reproduced  here  from  Sachs. 

Went,  a  student  of  de  Vries, 
succeeded,  however,  in  revealing 
in  embryonic  cells  of  certain 
plants,  the  existence  of  small 
vacuoles  which  increase  in  num¬ 
bers  by  fission.  This  seemed  to  in¬ 
dicate  that  the  vacuoles  do  not 

velopment0  a0AdbllnrP  individuality  during  the  course  of  de- 
Vries.  ’  consequently  seemed  to  support  the  thesis  of  DE 

facts/  It  haTnot"eJs  a'matter'oTfact  uaSed  011  ,sufficiently  solid 
the  vacuolar  membrane  by  means  nf  ’eta®"  pos*lble  to  brinft  out 
manifested  only  by  its  nronertv  of  f  *  and  lts  existence  is 
that  there  is  the  phenomZfot Iso ,K  iS  true 
obliges  us  to  admit  that  there  exists  at lofl  t  VacPoIes-  whi<* 
semi-permeable  membrane  about  th»  ™  ‘  n  mature  cells,  a 

the  rest  of  the  cell.  Chambers  and  Hfttr  ™eS\  m°re  resistant  than 

tszsss  z*~ssa?ss£  r  •—  “■ — 


Fig.  82.  —  Fritillaria  imperialis. 
opment  of  vacuoles  in  the  cortical 
chyma.  (After  Sachs). 


Devel- 

paren- 


mem- 

'nappreciable  thickness  v^erv  ^  ^  as  a  membrane  of 

substance  non-miscible  ’with  water  Th^  extePslbIe-  fo™ed  of  a 
vacuolar  layer  is  still  very  much  disnuTed  S1fmficanuce  of  the  peri- 
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coagulation  of  the  cytoplasm  which  is  in  contact  with  the  vacuoles. 
Pekarek  thinks  it  is  protein  in  nature.  Weber  thinks  it  does  not 
belong  to  the  cytoplasm  but  to  the  vacuole  and  is  the  outcome  of  a 
condensation  about  the  vacuole  of  the  lipides  found  in  solution 
within  it.  According  to  Eichberger,  this  perivacuolar  layer  is  of 
the  same  nature  as  the  ectoplasmic  layer,  composed,  like  it,  of  pro¬ 
teins  and  lipides  but  much  more  resistant.  He  examined  the  layer 
over  a  period  of  several  days  in  abiotic  solutions,  for  instance  in  a 
5%  solution  of  copper  sulphate  and  over  a  period  of  from  two  to 
three  hours  in  a  20%  solution  of  calcium  citrate,  which  proves  that 
it  acts  like  an  inert  membrane  and  not  like  a  membrane  differen¬ 
tiated  and  living,  in  the  sense  of  de  Vries. 

On  the  other  hand,  it  is  very  difficult,  if  not  impossible,  to  ob¬ 
serve  the  vacuoles  in  embryonic  cells  and  consequently  to  demon¬ 
strate  that  they  do  not  form  de  novo.  Therefore  the  theory  of 
de  Vries  and  Went  was  contested  by  numerous  botanists,  among 
others,  Pfeffer  and  N£mec.  Pfeffer,  in  particular,  showed  that 
it  is  possible  to  produce  artificial  vacuoles  in  the  plasmodium  of 
Chondrio derma  difforme  by  placing  it  in  a  solution  saturated  with 
asparagin.  The  plasmodium  encircles  the  crystals  of  asparagin, 
which,  dissolving  in  the  cytoplasm,  form  there  vacuoles  which  are 
indistinguishable  in  all  ways  from  the  pre-existing  vacuoles.  For 
this  reason,  Pfeffer  thinks  that  every  particle  found  in  the  cyto¬ 
plasm  which  will  take  up  water  more  readily  than  it,  is  capable  of 
producing  a  vacuole.  It  is  true  that  Pfeffer’s  experiment  does  not 
demonstrate  very  much,  for  here  it  is  a  question  of  the  production 
of  digestive  vacuoles  which  are  perhaps  not  the  same  as  the  other 


vacuoles 

The  question  of  the  origin  of  the  vacuoles  remained  uncertain 
for  a  very  long  time,  because  neither  observation  of  living  material 
nor  fixed  and  stained  preparations  made  it  possible,  in  general,  to 
follow  the  development  of  these  elements.  Vacuoles  in  living  em¬ 
bryonic  cells  can  not  ordinarily  be  distinguished  and  in  fixed  prep 
arations  the  vacuoles  are  always  altered  by  swelling. 

Rapid  progress  in  this  field  was  not  made  until  very  recently 

when  investigators  began  to  use  vital  stains. 


Chapter  XIII 

VITAL  STAINING  OF  THE  VACUOLES 


Colloidal  substances  in  the  vacuolar  sap:-  The  existence  of  dyes, 
called  vital  dyes  (methylene  blue,  cresyl  blue,  Nile  blue,  neutral 
red,  etc.)  has  been  known  for  some  time.  They  have  the  property 
of  penetrating  living  cells  and  of  coloring  some  of  the  cytoplasmic 
inclusions. 

Pfeffer  first  showed  that  methylene  blue  used  in  a  1%  solu¬ 
tion  penetrates  the  cells  of  various  plants  ( Azolla ,  Lemna,  Spiro - 
gyra)  but  accumulates  exclusively  in  the  vacuole  and  does  not  color 
the  protoplasm.  Methylene  blue  brings  about  dark  blue  precipi¬ 
tates  in  the  vacuoles  as  a  result  of  the  flocculation  of  the  tannins 
contained  in  the  vacuolar  sap,  with  which  the  stain  forms  a  com¬ 
plex.  Pfeffer  stressed  the  remarkable  property  which  the  vacuoles 
possess,  of  accumulating  methylene  blue  and  of  taking  on  very 
rapidly  a  coloration  more  intense  than  that  of  the  solution  of  the 
dye  itself.  The  dye  becomes,  therefore,  more  concentrated  in  the 
vacuole  than  it  was  in  the  solution.  In  staining  tadpoles,  Pfeffer 
showed  that  methylene  blue  accumulates  in  certain  inclusions  of 
the  cytoplasm.  Since  that  time  it  has  been  demonstrated  that  other 
dyes,  such  as  cresyl  blue,  Nile  blue  and  neutral  red,  also  have  the 
property  of  penetrating  living  cells,  and  numerous  investigations 
on  plant  cells  as  well  as  on  animal  cells  have  determined  that  these 
yes  accumulate  exclusively  in  the  inclusions  which  are  not  a  part 

of  plant  cells >matter  <secretion  granules  of  animal  cells,  vacuoles 

In.  research  on  yeasts,  we  ourselves  have  demonstrated  that  the 
vacuoles  enclose  granules,  showing  Brownian  movement  which 

anTneut/alTd^  tI^  -tantaneously  "^biue 

“e"“aI  r  These  granules  can  be  easily  fixed  with  alco- 

stain,  1  fTaK,n’  afte,r  Which  they  are  stained  deeply  by  bas°c 
atreddishntintb  Thknh  m  Vlolet  an‘J  haematein)  which  give  them 

chr^Uc  Zrjdll  Th“re  dted°f }^«*  «**“  aS  meta~ 

accumuTat0" 

brings  about  the  flocculation  of  2?™ \  neut™\  red  and  this  dye 
tain  in  solution.  But  these  are  uS  whl^  the  vacuoles  con- 

for  P.  A.  Dangeard  to  establish  t  observations.  It  remained 

late  vital  dyes  is  a  general  property  of  va^uol^"^  t0  aCCUmU' 

fungi  and  algae1" dIngeard  d*  metachromatic  corpuscles  in  the 

visible  only  rarely  in  living  celTand  wh™  ttf  ^  b°dieS  are 

h  s  ancl  when  they  are  visible,  they 
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always  appear  in  much  smaller  numbers  than  when  obtained  by 
vital  staining  or  after  fixation.  These  bodies,  therefore,  are  gen¬ 
erally  the  result  of  flocculation  of  a  substance  found  normally  in  a 
colloidal  solution  in  the  vacuolar  sap.  This  flocculation  occurs  in 
the  presence  of  vital  dyes  or  fixatives.  P.  A.  Dangeard  kept  for 
this  substance  the  name  metachromatin  which  we  had  pro¬ 
posed  to  designate  the  substance  constituting  the  metachromatic 
corpuscles  ( volutin  of  Arthur  Meyer). 

P.  A.  Dangeard  had  the  idea  of  trying  the  effect  of  vital  stains, 
among  others  cresyl  blue,  on  a  very  large  number  of  cells  of  the 
most  varied  plant  groups.  In  every  one  he  found  that  there  existed 
a  colloidal  substance  dispersed  in  the  vacuolar  sap  possessing  a 
strong  capacity  for  taking  up  vital  stains  which  precipitate  it  in 
the  form  of  corpuscles  showing  Brownian  movement.  These  he 
identified  with  the  metachromatin  of  fungi.  Thus  he  arrived  at  the 
conclusion  that  all  vacuoles  enclose  metachromatin,  a  specific  sub¬ 
stance  of  vacuoles,  and  he  states  that  vital  staining  thus  constitutes 

a  property  of  the  vacuoles 
which  is  both  general  and 
characteristic. 

Studying  the  origin  of 
vacuoles  in  most  varied 
plant  cells  by  staining  them 
with  the  vital  dye,  cresyl 
blue,  Dangeard  demon¬ 
strated  that  vacuoles  exist 
in  all  embryonic  cells  but 
are  very  different  in  ap¬ 
pearance  from  ordinary 
vacuoles.  They  are  seen 
here  as  numerous  minute 
elements  composed  of  a  very  concentrated  solution  of  metachro¬ 
matin  in  a  semi-fluid  state.  By  their  forms,  as  well  as  by  their 
dimensions  they  are  decidedly  reminiscent  of  the  chondnosomes 
"these  elements,  swelling  by  imbibition  and  eoalescm^  which 
finallv  become  the  large  vacuoles  characteristic  of  mature  cells. 
We  shaU  noT  dwell  on  this  matter  here,  but  will  study  it  later  m 

m°niiretresearch  immediately  afterward,  confirmed,  in  part,  the 
Our  resea  „  A  ri  a  mppard  We  recognized  that  the  meta- 
facts  observed  by  P.  ^  ^"ou^d  in^olloidal  solution  in 
chromatin  of  fungi  is  no  ^  neutra,  red,  precipitate  this 
vacuoles.  Vital  ayes,  io  and  showing  Brownian 

substance  as  corpuscles,  inte  y  remains  colorless  or 

rrmaediffuse"nCU0Wer  Z  tnd,  by' Tsitg  vital  dyes  in  the 

most  diverse  plant  cells,  ^^“^XTpiniot, ' P  ouTwork 
pseudosolutions.  Contrary  t^  D  ^  ^  col]oidal  substances 

showed,  as  we  shall  see  different  chemical  natures  and 

even  in  many  of  the  lower 


Fio.  83.  —  Saeeharomyees  eerevxsiae.  Precipitation 
of  metachromatin  corpuscles  (CM)  in  vacuole:  1. 
by  neutral  red:  small  vacuole  at  right  contains  one 
corpuscle.  2,  haematein.  after  fixation  with  formol: 
GL,  very  refractive  lipide  granules.  N,  nucleus. 
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plants,  the  characteristic  properties  of  metachromatin,  with  which 
they  have  in  common  only  the  ability  of  forming  absorption  com¬ 
plexes  with  vital  dyes. 

It  is  well  established,  therefore,  that  the  affinity  of  the  vacuoles 
for  vital  dyes,  with  some  exceptions  which  will  be  taken  up 
later,  is  a  general  property  of  vacuoles  and  that  this  is  due, 
not  to  the  presence  in  the  vacuoles  of  a  specific  substance  cor¬ 
responding  to  metachromatin,  but  to  colloidal  substances  whose 
nature  may  vary  radically,  depending  on  the  species  in  question. 

The  presence  of  colloids  in  the  vacuoles  has,  moreover,  been 
confirmed  by  another  method.  This  has  been  employed  by  Weber, 
Frey,  and  Reilhes,  who  tried  to  determine  the  degree  of  viscosity 
of  the  vacuolar  sap  by  observing  the  rapidity  with  which  certain 
solid  bodies  (calcium  oxalate  or  calcium  sulphate  crystals,  lipide 
concretions)  contained  in  the  vacuoles  fall 
in  their  liquid  when  the  microscope  is  in¬ 
clined.  Frey  was  able  to  show  by  this  meth¬ 
od  that  the  viscosity  of  vacuolar  sap  of  Clos- 
terium  cells  at  18°  C.  is  about  twice  as  great 
as  that  of  water.  This  viscosity  increases 
considerably  in  dead  cells.  After  cells  have 
been  fixed,  it  becomes  impossible  to  obtain  a 
fall  of  the  calcium  oxalate  crystals  contained 
within  their  vacuoles.  This  can  be  explained 
oniy  by  the  fact  that  they  are  surrounded 
within  the  vacuoles  by  coagulated  colloids 
which  prevent  them  from  moving. 

Finally,  the  more  recent  research  of 
Weber  on  “vacuolar  contraction,”  which 
will  be  taken  up  later,  brought  forward 
new  data  in  favor  of  the  presence  in  the 
vacuoles  of  colloidal  substances  which  mav 
be  true  gels.  J 


aleurone  layer  at  the  be¬ 
ginning  of  germination  of 
the  seed;  aleurone  grains 
have  become  diffusely  stain¬ 
ing  vacuoles  containing  one 
or  more  deeply  stained 
protein  bodies  (P)  and  one 
or  more  colorless  globoids 
«?). 


h.J  been  demnn.Med  to  be  “„,i5 

remained  the  task  of  determining  ml  P1^6!1*'  vacuoles,  there 
these  dyes  on  the  cells.  Do  thpv  n  ^  sp.e<;iricaI1y  the  action  of 
vacuoles  or  may  they  stain  at  the^mp1*™ late  exclusively  in  the 
elusions?  Have  they  an  ininrirmo  *.-e  time  °^er  cytoplasmic  in- 
not  capable  of  altering  the  shape  of  the  °n  th®i  Ce,lls  and  are  they 

not  even  bring  about  the  appearance  of  JrtT-'f  °r  may  they 
cytoplasm?  These  are  questions  which  artlficia!  vacu°Ies  in  the 
the  more  important  to  elucidate  them  .were  raised.  It  was  all 
bryonic  cells  appear  as  minute  elem?J ^lnce  *he  vacuoles  of  em- 
colloidal  contents  which  usually  car^tc^  ,very  concentrated 
of  yital  stains.  Very  accuratework  ^rriedt,?  ^  the  use 
staining  our  own  work  carried  out  o™^  d  °“tJre?entIy  on  vital 
and  especially  our  recent  work  iZuZrltZZ^ &££ 
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has  shed  considerable  light  on  this  question.  The  essential  results 
will  be  summarized  here  as  briefly  as  possible. 

It  appears,  as  Kuster  had  already  noticed,  that  living  plant 
cells  are  permeable  to  a  great  number  of  vital  dyes.  These  may 
accumulate  in  all  the  vacuoles,  whatever  their  content.  Others, 
such  as  methylene  blue,  Bismarck  brown  and  chrysoidine,  may 
stain  the  cytoplasm  and  the  nucleus  and  may  accumulate  in  the 
vacuoles,  but  only  if  the  vacuoles  contain  phenol  compounds  (tan¬ 
nin,  oxyflavanol  and  anthocyanin  pigments).  The  cytoplasm  and 
nucleus  are  particularly  easy  to  stain  with  chrysoidine. 

In  general  it  is  only  the  basic  dyes  which  penetrate  living  cells. 
Under  some  conditions,  however,  some  acid  dyes  will  do  this,  but 
the  greater  number  of  the  dyes  are  not  of  importance  in  the  ques¬ 
tion  which  occupies  us. 

There  are  only  a  small  number  of  vital  dyes,  all  of  them  basic, 
which  are  capable  of  being  used  for  the  study  of  morphological 
constituents  of  the  cytoplasm  and  these  may  be  divided  into  two 
groups  from  the  point  of  view  of  their  action  on  plant  cells : 

1.  Dyes,  which  like  Janus  green,  Dahlia  violet,  methyl  violet 
and  a  certain  number  of  others,  at  first  stain  the  chondriosomes 
and  plastids,  for  which  they  have  an  affinity,  but  can  also  under 
some  conditions  accumulate  in  the  vacuoles.  (Among  these  dyes,  Bis¬ 
marck  brown  and  methylene  blue  are  very  slightly  toxic.  We  have 
been  able  to  germinate  grains  of  wheat  and  have  made  Saprolegnia 
grow  in  media  to  which  these  dyes  have  been  added  in  proportions 
from  0.0005-0.02%.  In  young  wheat  roots,  as  well  as  in  Sapro¬ 
legnia,  the  vacuoles  which  stain  only  between  slide  and  cover  g  ass 
and  only  under  certain  conditions  (especially  when  they  enclose 
phenolic  compounds),  accumulate  the  dyes  during  growth.  Chry¬ 
soidine,  beginning  with  solutions  of  0.005%  is,  on  the  contrary 

Vel2.t0Dyes,  which,  like  neutral  red,  neutral  violet,  cresyl  blue, 
Nile  blue,  naphthylene  blue  and  naphthylamine  b'ue.  do  not  stain 
the  chondriosomes  and  plastids  but,  under  normal  conditions,  ac 

cumulate  exclusively  in  the  vacuoles.  produce 

The  dyes  of  the  first  group  are  very  toxic  and  do  not  produce 

vital  staining  except  when  employed  in  solutions  of  lo^  C0*Y\ 

tration.  At  higher  concentrations  they  are  taken  up  by  the  ch 

thedr^toplasmic;3 currents^but'in  these^cells°the  dyes  rapidly 

until  now  had  been  rather  obscuw.  Th»  work  has  st io«  ^  ^ 

been  already  seen,  that  a  certain  chondriosomes  and 

at  first  by  the  cytoplasm  and  the  dye  goes 

leucoplasts,  but  this  18  P  .  y  j  wh en  the  cells  have  ex- 

ing  and  multiplying. 
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This  work  has  demonstrated  that  the  toxicity  of  the  vital  dyes 
which  stain  the  chondriosomes  is  approximately  the  same  for 
phanerogams  as  for  fungi.  The  least  toxic  is  Janus  green.  Ger¬ 
mination  of  wheat  seeds  may  be  obtained  in  media  to  which  0.0005- 
0.001%  of  Janus  green  has  been  added.  The  roots  grow  well  in 
solutions  as  high  as  0.005%  but  at  higher  concentrations  their 
growth  is  inhibited  and  they  soon  die.  The  other  dyes  are  much 
more  toxic.  Wheat  seeds  will  germinate  in  them,  with  the  excep¬ 
tion  of  methyl  green  and  Victoria  blue,  only  in  solutions  between 
0.0002-0.0008%.  The  dye  is  never  taken  up  by  the  chondriosomes 
and  leucoplasts  but  accumulates  only  in  the  vacuole  (Janus  green 
generally  in  its  rose  form).  Elodea  canadensis  can  be  kept  alive  in  a 
0.0005%  solution  of  Janus  green  or  of  methyl  violet.  At  the  be¬ 
ginning,  the  dye  is  taken  up  only  by  the  chondriosomes  but  after 
a  short  while  these  elements  lose  their  color  and  the  dye  accumu¬ 
lates  only  in  the  vacuole  (in  its  rose  form  in  the  case  of  Janus 
green). 

It  has  also  been  possible  in  this  work  to  follow  the  reduction  of 
Janus  green  to  its  rose  derivative  as  it  occurs  in  the  course  of  vital 
staining.  If  a  strip  of  epidermis  from  a  bulb  scale  of  Allium  Cepa 
is  colored  between  slide  and  cover  glass  in  a  0.0005-0.005%  solu¬ 
tion  of  Janus  green,  the  dye  is  too  dilute  to  produce  a  macroscopic- 
ally  visible  staining  of  the  epidermis,  but  a  microscopic  examination 
of  the  preparation  shows  that  Janus  green  has  been  taken  up  by 
the  chondriosomes  and  leucoplasts.  After  several  minutes,  these 
elements  lose  their  color  and  there  is  no  longer  any  trace  of  the 
dye  to  be  seen  in  the  cell.  If  the  same  experiment  is  repeated  in 
solutions  of  0.01-0.02%  of  Janus  green,  the  strip  of  epidermis  is 
stained  green  macroscopically  but  at  the  end  of  one  or  two  hours, 
it  changes  to  rose.  Janus  green  has  therefore  been  reduced  to  its 
rose  derivative.  This  reduction  is  irreversible  and  the  rose  deriva¬ 
tive  can  no  longer  by  re-oxidation  resume  its  green  form.  If  air 
is  excluded  by  sealing  the  slide  with  paraffin,  reduction  is  more 
AfP+v!  aK d  Can  be  !ollowed  under  the  microscope  in  a  single  cell. 

nlLt,6  th?Tnf’ the  dye  stains  only  the  chondriosomes  and  leuco- 
plasts,  the  chondriosomes  more  intensely  than  the  leuconlasts  and 

accumulates  at  the  same  time  in  those  vacuoles  which  contain  ox^ 

flavanol  compounds.  At  the  end  of  about  half  an  hour  "n  cells  fn 

lose'their  «eef fondriosom^  and  leucoplasts 

nucleus  take  o„  a  rose lint  fn™.  ^  Cytoplasm  and 

accumulated  in  the  vacuole,  reduction' often'^eginTthere611  The 

green  staiifthat  ftT  ft*  *2  r°Se’  m0re  accentuated  than  The 

generally  remain  colorfess.  °lTreahty  the^h^!^138™  and  nucleus 
plasts  only  partially  destain  for  tv/  +  chondriosomes  and  leuco- 

show  a  pale  rose  tin t  The*  ceU s  u  1^°  categories  of  elements 
to  its  rose  derivative  can  rema  n  T,  hT  redUCed  Janus  ***" 
plasmic  currents  for  48  hours  With6™'41’0**'  and  show  cyto‘ 
of  danus  green,  reduction^ 
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times  obtained  but  usually  the  cells  die  without  having  brought 
this  about. 

The  study  of  the  behavior  of  the  rose  derivative  of  Janus  green 
in  these  cells  explains  these  phenomena  since  the  derivative  does 
not  behave  like  Janus  green.  Whereas  Janus  green  stains  only  the 
leucoplasts  and  chondriosomes,  or  the  vacuole  if  it  contains  oxy¬ 
flavanol  compounds,  the  rose  derivative  shows  a  greater  affinity 
for  the  nucleus  and  cytoplasm,  as  well  as  for  the  vacuole  containing 
oxyflavanol  compounds,  than  it  shows  for  the  chondriosomes  and 
leucoplasts  which  it  stains  only  faintly.  Therefore,  if  one  uses  a 
dilute  solution  of  Janus  green  (0.0005-0.005%)  the  dye  stains  only 


Fic.  85.  —  Vital  staining  with  neutral  red,  except  C3. 
observed  under  the  microscope.  A.  Penicillium  glaucum.  1. 
before  staining:  2,  small  deeply  stained  precipitates  in  the 
vacuole  showing  Brownian  movement:  3,  fusion  of  small 
precipitates  to  larger  bodies:  4.  precipitates  appressed  to 
peripheral  wall  of  vacuole,  diffuse  staining  of  sap.  B, 
Zygosaccharomyces  Chevalieri.  1,  small  precipitates  in 
vacuole:  2.  3,  fusion,  bodies  now  appressed  to  wall  of  the 
vacuole,  sap  diffusely  stained.  C.  Saccharomyces  elhpsoideua; 
1  2  as  in  A,  1-2;  3,  cells  fixed  by  formol  stained  with  cresyl 
biue’ which  causes  flocculation  of  the  metachromatin  from  the 
colloidal  substances  in  the  vacuole  as  numerous,  deeply 
stained  bodies. 


the  chondriosome  and  leucoplasts  but  it  stains  them  faintly.  It  is 
almost  immediately  reduced  to  its  rose  derivative,  however,  an 
this  diffuses  into  the  cytoplasm,  the  nucleus,  or  the  vacuole,  and  its 
concentration  is  too  weak  to  produce  in  them  any  appreciable 
coloration.  On  the  contrary,  a  0.01%  solution  of ^the  dye  taken  up 
by  the  chondriosomes  and  leucoplasts,  is  reduced  to  its  rose  deriva¬ 
tive  which,  being  less  strongly  retained  by  these  elements,  diffuses 
into  the  cytoplasm  and  nucleus  which  it  colors  a  pale  rose  in  ce  1 
whose  vacuoles  are  lacking  in  oxyflavanol  compound8.  l*^*»** 
of  the  vacuole  which,  on  the  contrary,  contains  oxyflavanol  c< om- 
pounds  and  has  accumulated  Janus  green  reduction  goes  on i  at  the 
LmP  time  in  the  chondriosomes  and  in  the  vacuole,  and  a  part  of 
the  rose  derivative  formed  in  the  chondriosomes  diffuses  into  the 
vacuo, e  Often  indeed,  the  reduction  begins  m  the  vacuole  and 
takes  place  later  in  the  leucoplasts. 
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This  reduction  is  observed  between  slide  and  cover  glass  and 
tissue  incapable  of  development.  It  is  probable  that  under  nor¬ 
mal  conditions,  i.e.,  in  culture  or  in  an  organ  capable  of  growth, 
the  rose  derivative,  once  formed,  accumulates  in  the  vacuoles  be¬ 
fore  the  growth  of  the  tissue. 

It  has  been  seen  that  in  Saprolegnia  similar  phenomena  take 
place.  In  many  fungi,  however,  especially  in  the  yeasts,  Janus 
green  may  be  taken  up  by  the  cytoplasm  at  the  same  time  as  by 
the  chondriosomes,  then  be  reduced  there  to  its  rose  derivative  (or 
even  to  its  leucoderivative  in  anaerobic  conditions)  and  this  deriva¬ 
tive  is  later  excreted  into  the  vacuole. 

Among  the  dyes  of  the  second  group  are  some  which  are  toxic, 
for  example  naphthylene  blue  and  naphthylamine  blue.  There  are 
others  which  are  less  so,  such  as  cresyl 
blue  and  especially  Nile  blue.  Finally, 
there  are  still  others  which  are  a  very 
little  toxic  —  neutral  red  and  neutral 
violet,  by  far  the  least  toxic  of  all  these 
vital  dyes.  All  these  vital  dyes  pro¬ 
duce  coloration  of  the  vacuoles  which, 
as  will  be  seen  further  on,  is  essen¬ 
tially  a  vital  phenomenon,  for  it  is  pos¬ 
sible  only  during  the  life  of  the  plant. 

Neutral  red  and  neutral  violet  are 
closely  allied  dyes.  They  behave  in  the 
same  manner  and  are  particularly  in¬ 
teresting.  From  our  research  on  the 
behavior  of  neutral  red,  it  is  found 
that  except  in  rare  cases,  the  dye  is 
not  retained  by  the  cytoplasm  and  that 
the  coloration  of  the  living  cell  which 
results,  is  almost  always  strictly  lim¬ 
ited  to  the  vacuoles  (Fig.  85) .  We  have 
found  only  a  few  rare  yeasts  in  which 
neutral  red  may  color  certain  lipide  in- 

Phenolic  nature  In  the  ileae  sol*  “rt?n  ^".crystals  of  a 
known  with  which  tannins  arp’nff  6  muc.ll^inous>  inclusions  are 
by  the  vital  stains  at  the  same  timp611  a.slfoclated»  which  are  stained 
that  these  inclusions  to  be  takeTun  But  11  aPP— 

vacuoles  of  a  special  nature.  P  *  ’  may  be  considered  as 

may'be  followed  “cot  With  neutral  ** 

said,  appear  in  various  forms  Thev he  vacuoles,  as  we  have 

colloidal  substances  in  very  coneentraf  1"*^  sma11  aml  contain 

cells,  or  they  may  be  very"  large  and  conta  S’  38  in  embryonic 

y  large  and  contam  a  very  dilute  colloidal 
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Fig.  86. 


—  Penicillium  glau- 
eum.  Vital  staining  with  neutral 
red.  A,  B,  C.  1,  precipitates 
in  vacuole;  2,  migration  of  pre¬ 
cipitates  into  cytoplasm.  D. 
1-5,  stages  observed  in  a  single 
vacuole. 
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solution  as  in  differentiated  cells.  Neutral  red  behaves  differently 
with  the  two  types  of  vacuoles. 

In  the  small  vacuoles  of  very  concentrated  colloidal  contents, 
neutral  red  does  not  cause  any  precipitation  and  stains  deeply  and 
homogeneously.  These  small  vacuoles  are  not  usually  visible  with¬ 
out  the  assistance  of  vital  dyes.  There  are  cases,  however,  in  which 
they  appear  very  distinctly  because  of  the  anthocyanin  (red  or 
violet)  which  they  always  contain  and  which  gives  them  a  natural 
color.  Such  is  the  case  in  the  vacuoles  of  teeth  of  young  rose  leaflets 
(Fig.  92),  which  will  be  mentioned  later.  The  study  of  these 
vacuoles  in  the  living  state  makes  it  possible  to  see  that  they  have 
exactly  the  same  shape  as  those  which  are  obtained  by  vital  stains 
in  cases  where  the  vacuoles  are  not  otherwise  visible.  There  are 
cases  in  which  the  small  vacuoles  of  meristematic  cells,  because  of 

the  high  refractivity  of  their  contents, 
are  perfectly  visible  without  vital  dyes 
(barley  root,  wheat  root,  first  leaves  of 
the  bud  in  Iris  germanica) .  The  stain¬ 
ing  of  these  small  vacuoles  with  neu¬ 
tral  red  may  be  followed  under  the 
microscope  and  it  may  be  observed 
that  this  staining  is  not  accompanied 
by  any  alteration  —  on  condition,  of 
course,  that  the  observation  is  not  too 
greatly  prolonged,  for  at  the  end  of  a 
certain  time  a  swelling  of  the  vacuoles 
always  occurs. 

The  large  vacuoles  with  very  disperse 
colloidal  contents  are,  on  the  contrary, 
always  visible  without  staining  and  it 
is  very  easy  with  the  microscope  to 
follow*  the  different  phases  of  their 
staining  with  vital  dyes.  The  phenom¬ 
ena  are  very  clear  cut,  particularly  in  the  fungi  (molds  and  yeas^ 
For  example,  by  placing  cells  of  Saccharomy  codes  Ludwxgn _gr 
in  a  van  Tieghem  and  Le  Monmer  moist  chamber  (Fig.  88) 
drop  of  neutral  red  solution,  it  is  observed  that  there  are  unnMdiate- 
ly  produced  in  the  vacuoles,  a  great  number  of  granules  < strongly 
stained  and  showing  Brownian  movement.  These  are  the  resu  t 
of  precipitation  of  the  vacuolar  colloid  through  the  action  o >  n - 
tral  red  It  sometimes  happens  that  these  PreclPltatesVCnaftrsii!d 
aeainst  the  wall  of  the  vacuole,  pass  through  it  and  are  dep 
in  the  penvacuolar  cytoplasm  (Fig.  86),  a  phenomenon  which  is 
1  n  rqUSed  bv  fixatives  and  which  leads  to  errors  of  interpreta  • 
This  precipitation  occurs  even  if  an  extremely  dilute  solufaon  of 
neutra^rec}3  is  used.  The  reaction  is,  therefore  very  delicate  and 
the  vacuolar  colloid  is  very  readily  stained  by  the  but  ^ 
solution  is  very  dilute,  the  phenomenon  stops  with  the  P£ductu>n 
in  the  vacuoles  of  small  colored  granules,  showing  B 
movement  If.  on  the  contrary,  the  solution  is  more  concentrated, 


Fig.  87.  —  Sacc Ka ro m ycode*  Lud- 
WtgiL  Vital  staining.  Neutral  red 
produces  small  precipitates  in  the 
vacuole,  showing  Brownian  move¬ 
ment  (a)  which  then  fuse  to  form 
larger  bodies  («')  sticking  to  the 
periphery  of  the  vacuole  (o*)  and 
then  dissolve,  leaving  the  vacuole 
diffusely  stained  (a'").  B.  similar 
series. 
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the  granules  quickly  coalesce  into  a  small  number  of  large 
globules  (sometimes  into  a  single  globule)  which  come  to 
be  closely  appressed  to  the  wall  of  the  vacuole.  Then  they 
diminish  little  by  little  in  volume  and  disappear,  while  the 
entire  vacuole  takes  on  a  diffuse  stain  which  later  becomes  more 
pronounced. 

To  summarize  these  phenomena  briefly:  there  is  a  precipitation 
of  the  vacuolar  colloid,  followed,  when  the  stain  is  sufficiently  con¬ 
centrated,  by  a  dissolution  of  the  precipitate  and  by  the  homo¬ 
geneous  staining  of  the  vacuolar  sap. 

These  phenomena  may  be  compared  with  those  described  by 
von  Mollendorff  in  animal  cells.  He  found,  in  staining  with 
neutral  red  the  cells  of  the  pronephros  of  amphibian  tadpoles,  that 
basic  dyes  stain  the  fluid  and  acid  inclusions  of  the  cytoplasm  (cor¬ 
responding  apparently  to  small  vacuoles)  and  cause  the  precipita¬ 
tion  of  the  colloid  of  which  they  are  composed,  in  the  form  of  small 
precipitates.  Then,  if  an  excess  of  the  electropositive  dye  occurs 
within  the  fluid  electronegative  inclusions,  the  precipitates  formed 
later  in  the  fluid  inclusions  under  the  action  of  the  dye  are  finally 
dissolved  and  give  to  these  inclusions  a  homogeneous  color.  To 
explain  this,  von  Mollendorff  supposes  that  the  basic  dyes  pene¬ 
trate  the  cytoplasm  because  of  the  lipides  which  it  contains  and  in 
which  the  dyes  are  soluble.  Then  they  accumulate  in  the  previ¬ 
ous  y  formed  acid  inclusions.  There,  the  mixture  of  two  colloids 
of  opposite  signs,  i.e.,  the  electropositive  dye  and  the  electronega- 
tive  vacuolar  colloid,  produce  precipitates.  Then,  when  an  excess 

+  +ife  1S,f°.jnc^  l11  vacu°lar  colloid,  it  communicates  its  charge 
to  the  colloid,  whereupon  the  precipitates  are  dissolved. 

t  seems  justifiable  to  apply  this  reasoning  to  the  stainimr  of 

“S  °f  iant  CuellS  With  vitaI  dyes  and  -e  shah  see,  fuXrVn 

Ga^bLet selm^d'Tf’  °Ut«°n  yeaStS’  in  elaboration  with 
■thesis  tw  ,  indeed  to  confirm  VON  MbLLENDORFF’s  hypo- 

colored  Neutral  re^  h  explained, why  the  Protoplasm  remains  un- 

ptibie,  and  then  later  accumulates  in  the  vacuole.  P' 

the  vacuo“emsTfryeaLV1with  a^ihfte^'lf-  f?  haVe  just  given  for 
great  number  of  cells  notablv  tr  tv.  ’  C°i . 0lda  content  applies  to  a 

but  it  is  not  altogether  genira,  In  nth*  °f  ‘n®  majority  of  fungi- 
erates  in  a  different  wav  TVo  "  ot^er  ce,,s-  vital  staining  op- 
production  o/pr^ipiS' in^  "*  T*3  in  Which  ther®  U  no 
ning  take  a  diffuse  sSn  whicll  the  begin- 

which  both  precipitates  and  a  diffnf  l,h  .more  frequent  cases,  in 
occur  at  the  same  time  This  diver^t,f  °f  the  vacu°lar  sap 

seems  to  depend  on  the  nature  of  th/con  ^^^  °f  the  vaeuoles 

and  which  are  known  tovarv  ereatlv  ]  3  Wh,Ch  they  eon  tain 

another.  ^  ^reat’y  from  one  type  of  cell  to 
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It  would  seem  today,  in  the  light  of  investigations  of  Bungen- 
berg  de  Jong,  that  the  precipitation  observed  in  vacuoles  under  the 
influence  of  vital  dyes  may  perhaps  be  explained,  in  many  cases, 
not  by  flocculation,  but  by  the  production  of  coacervates  in  the 
vacuolar  sap.  According  to  this  idea,  there  is  a  formation  of  a 
complex  between  the  positive  dye  and  the  negative  vacuolar  col¬ 
loid.  The  colloid  may  then  flocculate  as  in  the  yeasts,  or  else,  if  the 
micelles  are  strongly  bound  to  the  dispersion  medium,  there  is  a 
separation  of  a  coacervate  phase  in  the  vacuolar  sap  which,  how¬ 
ever,  still  contains  dispersed  colloidal  micelles,  as  the  diffuse  color 
taken  by  the  vacuolar  sap  indicates.  If  the  dye  continues  to  pene¬ 
trate  the  vacuole,  at  first  the  coacervate  phase  becomes  greater  and 
greater.  Then  the  micelles  of  the  coacervate  take  the  charge  of 
the  dye  and,  their  repulsion  becoming  greater  than  their  force  of 
coherence,  the  coacervate  disappears  and  the  vacuole  becomes  uni¬ 
formly  stained.  An  observation  which  would  seem  to  support  this 
opinion  further,  is  that  the  precipitates  formed  under  the  action 
of  the  dye,  seem  often  to  be  in  liquid  droplets,  capable  of  changing 

shape  and  even  of  becoming  vacuolized. 
Moreover,  it  seems  that  all  intermediary 
stages  in  the  action  of  vital  dyes  between 
coacervation  and  flocculation  can  be 
found. 

Another  point  very  clear  from  our 
investigations  is  that  staining  of  the 
vacuoles  by  neutral  red  is  essentially  a 

no.  88.  —  Petri  dish  designed  vital  phenomenon.  As  a  matter  of  fact, 
for  microscopic  observation  of  Hv-  though  neutral  red  is  only  slightly 

toxic,  if  used  in  too  strong  concentra¬ 
tions,  it  may  cause  the  death  of  the  cell.  This  is  preceded  by  an 
increase  in  the  refractivity  of  the  cytoplasm.  Then  suddenly  the 
vacuole  becomes  colorless,  whereas  the  entire  protoplasm  takes  on  a 


delink  red  color* 

There  is  no  formation  of  vacuoles  or  artificial  granules  pre- 
ceding  death  in  any  of  the  cells  which  we  have  observed  and  deaths 
always  accompanied  by  destaimng  of  the  vacuole.  Staini  g 
vacuole  is  possible,  therefore,  only  when  the  cell  is  living  and I  this 
a  general  fact  which  applies  to  the  staining  action  o :  al v it al dyes^ 
This  fact  may  be  even  more  satisfactorily  observed 
algae  forTnsLce  in  the  Euglenas,  which  are  endowed  wthmove- 
Jnt  The  cells  of  these  a.fe 

^and^ce1.s“die%ye  vacuoles  ^£££"*5  Z 

cytoplasm  and  nucleus.  T h e  ^ nC ' “ s t i’u, t c a  one  of  the  best  means 
staining  of  the  vacuoles  in  a  cell  constitutes  vacuoies  and 

■as*  »  -  - ~ 

appear  when  the  cells  die. 
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We  have  tried,  by  cultures  of  various  plants  in  nutrient  media 
to  which  neutral  red  has  been  added,  to  follow  under  the  micro¬ 
scope  the  development  of  the  vacuoles  during  cellular  growth.  This 
has,  in  addition,  made  it  possible  for  us  to  judge  the  degree  of 
toxicity  of  this  dye.  We  have  been  able  to  obtain  cultures  of  Sapro- 
legnia,  for  example,  on  soy  bean  bouillon  to  which  0.001% -0.002% 
of  neutral  red  or  neutral  violet  have  been  added.  The  cultures  were 
grown  in  Petri  dishes  (Fig.  88)  whose  bottoms  had  a  3  cm.  opening 
covered  by  a  cover  slip  sealed  by  asphalt  cement  (model  used  at  the 
International  Bureau  for  the  Culture  of  Fungi  at  Baam).  It  suf¬ 
ficed  to  turn  the  box  over  and  place  it  under 
the  microscope  to  be  able  to  follow  the  devel¬ 
opment  of  the  fungus  under  the  oil  immer¬ 
sion  lens  and  to  follow  the  life  history  of  the 
vacuoles.  Various  species  of  Saprolegnia  cul¬ 
tivated  undere  these  conditions  developed  as 
well  as  those  in  the  control  cultures  and  fol¬ 
lowed  out  their  entire  life  history  from  ger¬ 
mination  of  the  zoospores  to  the  formation  of 
zoosporangia.  Now,  during  all  their  develop¬ 
ment  the  dye  accumulated  in  their  vacuoles 
and  stained  them  superbly.  In  solutions  of 
neutral  red  beginning  with  a  concentration  of 
0.005%,  growth  is  somewhat  retarded.  The 
fungus  can  stand  relatively  large  doses  of 
neutral  red  (0.05%-0.06%),  although  when 
the  concentration  of  the  dye  is  above  a  cer¬ 
tain  paint,  it  grows  only  very  little. 

With  Dufrenoy  and  Labrousse,  we  were 
able  to  germinate  seeds  of  tobacco  in  pure 
culture  on  Knop’s  solution  to  which  had  been 
added  doses  of  neutral  red  from  0.005%- 

'll  .  ...  eeded  in  doing  the  same 

with  grains  of  wheat,  barley  and  lupin  seeds, 
m  collaboration  either  with  Obaton  or  with 
Gautheret.  The  seeds  germinated  normally 
under  these  conditions  and  by  examining 

see' that  durin^Kntire  Mh  *  T  P°SSible  to 

sss  “  s  - 

izz&g  inE“N  f°r 

normaf  mitoses.  GawhereTC  re/  “d  sh™ 

alive  the  cells  of  the  root  caVnf  ?  Pe™d  of  s.everal  months  kept 
red  had  been  added  The  vacnolesUPmti!n  media  to  which  neutral 
addition  it  may  be  recalled  thlt  'S  Were  stained-  In 

oi  of  theCM^omy“tesn 

■n,  vacuoles  ^vere 


neutral  red.  1,  before  ger¬ 
mination;  vacuolar  system 
consisting  of  numerous  glo¬ 
bular  bodies  stained  by  the 
dye.  2,  id.;  nucleus  visible. 
3,  4,  fusion  of  small  vacu¬ 
oles  into  one  large  one  con¬ 
taining  granules  precipi¬ 
tated  by  neutral  red.  3,  in 
the  germination  tube  small, 
spherical,  uniformly  stained 
vacuoles  are  formed  which 
in  (5)  elongate  into  fila¬ 
ments,  form  a  network  and 
then  fuse  to  form  large 
vacuoles. 
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This  is,  then,  a  valuable  method  of  following  under  the  micro¬ 
scope  the  entire  life  history  of  the  vacuoles  during  cellular  growth 
and  we  shall  see  further  on  the  uses  to  which  it  may  be  put. 

A  fact  becomes  evident  from  these  investigations,  namely,  that 
vital  staining  with  neutral  red  is  impossible  if  the  medium  is  too 
acid.  The  starting  point  at  which  staining  occurs  lies  between  the 
pH  values  of  5.5  and  7,  according  to  the  type  of  cell  in  question.  For 
roots  of  phanerogams  it  is,  for  example,  5.5,  for  the  Saprolegniaceae 
6.5,  for  yeasts  and  OicLium  lactis,  7.  This  is  an  essential  fact  pre¬ 
viously  brought  out  by  Irwin  and  Pischinger  whose  work  was 
later  confirmed  by  Bailey  and  Zirkle,  Genaud,  Chadefaud  and 
others. 

It  is  curious  to  find  that,  with  the  exception  of  the  Saproleg¬ 
niaceae,  most  of  the  fungi  are  distinguished  from  all  the  other 
plants  by  their  behavior  in  the  presence  of  neutral  red.  Cultivated 
in  media  to  which  this  dye  has  been  added,  they  develop  very  readily 
but  are  never  stained.  We  wondered  why  fungi  which  accumulate 
the  dye  so  easily  in  their  vacuoles  when  placed  between  slide  and 
cover  slip  in  a  solution  of  neutral  red,  do  not  ever  accumulate  it 
while  they  are  growing. 

The  species  of  Saprolegnia,  in  the  conditions  under  which  we 
cultivated  them,  never  appreciably  modify  the  pH  value  of  the 
medium  although  other  fungi  make  it  more  acid.  The  failure  of  the 
latter  to  be  stained  could  therefore  be  attributed  to  a  rapid  acidi¬ 
fication  of  the  medium.  This  hypothesis,  which  we  accepted  at  first 
and  in  which  Becker  and  Skupienski  later  concurred,  is,  how¬ 
ever,  not  to  be  retained,  for  acidification  of  the  medium  may  be 
considerably  retarded  and  it  is  found  that  the  fungi,  even  at  a  pH 
favorable  to  staining,  do  not  take  up  neutral  red.  Recent  research 
which  we  have  carried  out  with  Gautheret  on  Oidium  lactis  and 
various  molds,  has  shown  that  these  fungi  accumulate  neutral  red 
only  when  they  have  ceased  to  grow.  These  same  investigations 
also  proved  that  when  the  spores  of  these  fungi  are  sown  in  a 
medium  to  which  neutral  red  has  been  added,  they  take  up  the 
dye,  at  first,  and  then  become  destained  as  soon  as  they  begin  to 
grow.  If  the  cells  of  Saccharomyces  ellipsoideus  are  sown,  for  ex¬ 
ample,  in  a  moist  chamber  on  an  aqueous  medium  containing  l  o 
peptone  and  1%  glucose  at  a  pH  of  7.5-8  to which  has  been  added 
0.005%  neutral  red  and  enough  agar  to  hold  them  in  place 
that  they  can  be  found  under  the  microscope  and  if  the  cells  are 
examined  microscopically,  it  is  found  that  all  the  cells  accumulate 
the  dve  in  their  vacuoles  even  between  slide  and  cove  g  c  • 
accumulation  is  at  its  maximum  at  the  end  of  hal  an  hour  then, 
after  about  three  hours  (two  hours  for  some  yeasts)  the  cell  1  . 
their  color  and  it  is  only  then  that  thff.bwm  toj bud.  Jh< Hos^ 

color  is  brought  about  by  a  P1^  wh‘chh  homogeneously  stained 
by  which  staining  was  accomplished.  The  horn  g  the 

vacuolar  sap  loses  its  color  and  there  are  see  t  ;  PP 

vacuoles,  intensely  stained  granules  which  little  by 

color  and  disappear  (Fig.  90). 
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The  oxidation-reduction  potential  of  neutral  red  scarcely  per¬ 
mits  this  destaining  to  be  attributed  to  a  reduction  of  the  dye  and 
various  experiments  seem  to  indicate  that  yeasts  do  not  reduce 
neutral  red.  The  destaining  of  the  vacuoles  can  only  be  explained, 
therefore,  by  assuming  a  destruction  of  neutral  red,  or  an  ex¬ 
cretion  of  it  by  the  yeasts.  The  following  experiment  throws  light 
on  this  problem.  One  half  gram  of  Saccharomyces  cerevisiae  at  a 
pH  of  8  is  sown  in  a  big  flask  containing  the  medium  described 
above  to  which  0.005%  of  neutral  red  has  been  added.  A  sample 
of  the  liquid  is  taken  at  regular  intervals  and  centrifuged.  The 
sediment  is  examined  under  the  microscope  each  time  and  the  con¬ 
centration  of  neutral  red  of  the  liquid  is  measured  by  Meunier’s 
photo-electric  colorimeter.  The  experiment  proved  that,  at  the 
end  of  half  an  hour,  all  the  cells  accumu¬ 
lated  neutral  red  in  their  vacuoles  and  that 
the  concentration  of  the  dye  in  the  liquid 
was  reduced  from  0.005% -0.0015%.  There 
is  therefore  a  very  great  absorption  of  the 
dye  by  the  yeast.  At  the  end  of  half  an 
hour,  the  vacuoles  begin  to  lose  their  stain 
and  the  concentration  of  neutral  red  in  the 
liquid  again  increases  and  finally  at  the  end 
of  an  hour  all  the  cells  are  destained  and 
the  concentration  of  the  dye  in  the  liquid 
has  returned  very  nearly  to  its  original 
amount.  The  vacuoles  are  then  complete¬ 
ly  destained.  Now,  various  experiments 
having  shown  that  under  these  conditions 
there  is  no  absorption  by  the  membranes 
of  the  cells,  one  is  obliged  to  conclude  that 
the  yeasts,  after  having  accumulated  the 
neutral  red  in  their  vacuoles,  excrete  it 
into  the  medium.  So  it  is  only  when  they 
are  freed  of  the  dye  that  they  begin  to  bud. 

Saprolegnia  behaves  differently  from  the  yeasts,  since  it  ac- 

'“1?  "eutral  ^ed  ,while  growing.  Nevertheless  it  seems  also 

tLmrh  ile  J?  excrete  the  dye  under  some  conditions.  In  fact,  al- 
though  it  always  accumulates  neutral  red  during  growth,  it  does 

not  keep  it  in  the  vacuoles  unless  the  medium  is  poor  in  nutrients 
(soy  bean  bouillon  with  agar).  If  the  culture  is  grown  in  a  richer 

neutraTred  a*t^the  h  ^  that>  after  having^ccumulated  the 

color  It  the  end  nf  faT*  gr°Wth’ the  celIs  suddenly  lose  their 
mediat  FT  “f  P^o? view  ’s^pSroccupt  Tn^inte” 


Fig.  90.  —  Saccharomyces 

eUi-psoideua  grown  on  1%  pep¬ 
tone  and  1%  glucose  containing 
0.006%  neutral  red.  A.  1, 
First  strongly  colored  precipi¬ 
tates  are  formed  in  the  vacuoles; 
2.  The  precipitates  dissolve  and 
the  vacuole  is  diffusely  stained; 
4,  The  color  disappears;  6, 
Budding.  B.  Similar  pheno¬ 
mena.  1-3,  staining;  4,  6,  loss 
of  color. 
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The  other  dyes  which  stain  vacuoles,  i.e.,  cresyl  blue,  Nile  blue, 
naphthylene  blue  and  naphthylamine  blue,  behave  a  little  differ¬ 
ently.  Between  slide  and  cover  glass,  if  the  solution  is  too  strong, 
they  may,  at  the  same  time  that  they  accumulate  in  the  vacuoles, 
stain  the  cytoplasm  and  the  nucleus  with  a  diffuse  color.  This 
diffuse  color  occurs,  furthermore,  only  in  the  phases  which  precede 
the  death  of  the  cells.  At  all  events,  with  these  dyes  as  with 
neutral  red,  the  vacuoles  destain  and  the  staining  of  the  cytoplasm 
and  nucleus  becomes  accentuated  as  soon  as  death  occurs.  The 
coloration  of  the  vacuoles  by  these  dyes,  as  is  the  case  for  neutral 
red,  is  therefore  possible  only  as  long  as  the  cell  is  living.  It  may 
be  added  that  if  the  dyes  are  used  in  weak  concentrations,  in  the 
fungi  especially,  they  may  be  reduced  in  the  cells  and  one  sees  the 
coloration  disappear  under  the  cover  slip  and  reappear  if  the  latter 
is  raised  for  purposes  of  aeration. 

We  have  also  been  able  to  germinate  wheat  grains  in  a  medium 
to  which  these  dyes  had  been  added.  Nile  blue  proved  slightly 
more  toxic  than  neutral  red  and  neutral  violet ;  cresyl  blue  is  very 
appreciably  more  toxic  than  Nile  blud ;  naphthylene  blue  and  naph- 
thyalmine  blue  are  extremely  toxic.  These  dyes  are  accumulated 
exclusively  in  the  vacuoles  of  root  cells,  just  as  is  neutral  red,  and 
brilliantly  stain  the  vacuoles  of  meristematic  cells,  of  root  hairs 
and  of  cells  of  the  root  cap.  The  staining  persists  as  long  as  the 


cells  are  in  a  living  condition. 

These  dyes  are  more  toxic  for  fungi.  They  do  not  generally 
accumulate  in  the  vacuoles  but  are  reduced  by  the  Saprolegmaceae 
and  by  other  fungi  when  cultivated  in  their  presence. 

In  collaboration  with  Gautheret,  some  of  the  experiments  on 
Saccharomyces  cerevisiae  that  we  carried  out  with  neutral  red 
were  repeated,  this  time  using  Nile  blue  and  cresyl  blue.  The 
experiments  showed  that  these  dyes  behaye  hke  neutral  red  but 
have  a  much  more  complex  action  on  the  cells.  These  two  dyes, 
Nile  blue  especially,  may  stain  the  cytoplasm.  At  a  high  pH,  for 
example6  NUe  blue  is  at  first  retained  exclusively  by  the  cyto- 

is 

into  the  medium^  When  there 

vacuole  and  finally,  still  m  *t  .  ,,  nrpsence  of  air. 

external  medium  where  it ^is  re-o*i  1Z®  b  th  cyt0plasm  and  accu- 

Cresyl  blue  is  only  weakly  retained' by  me  cy  i  as  ig  Nile 

mulates  especially  in  the  vacuo  where  it  is  re-oxidized, 

blue,  before  being  excreted  into  and  the  accumu- 

Investigation  off  ese  d^s  ^e^yeast  cells  was 

lation  of  neutral  red,  Ni  e  ,  method  consists  of  sowing  a 

studied  at  different  pH  values ^  T  [n  Schoen’s  medium  (min- 
known  quantity  of  yeast  (S. .  c e  h  0  005%  0f  the  dye  has 

eral  salts,  asparagine,  g  uc  ,  3.10  At  the  end  of  twenty 

been  added  at  pH  values  scaling  from  6  iu. 


Chapter  XIII 


—  143  — 


Vital  Staining 


minutes,  the  liquid  was  centrifuged,  the  sediment  examined  under 
the  microscope  and  the  concentration  of  the  dye  in  the  liquid 
measured  by  the  colorimeter.  It  was  thus  possible  to  plot  in 
terms  of  pH  the  quantity  of  dye  retained  by  the  yeast.  A  study 
of  the  curves  showed  that  the  lower  limit  of  pH  at  which  accumu¬ 
lation  of  neutral  red  begins  is  much  lower  than  7.  It  is  at  pH 
5.6.  But  at  that  point  the  staining  of  the  vacuole  is  too  weak  to 
be  visible  under  the  microscope  and  only  the  measurements  give 
evidence  of  the  absorption  of  the  dye.  This  is  appreciable  only 
beginning  with  a  pH  of  6.0.  From  a  value  of  5.6,  the  absorption 
gradually  increases  and  the  curve  rises  to  a  maximum  at  pH  7.6. 
From  this  point  the  curve  descends.  The  quantity  of  neutral  red 
absorbed  at  the  maximum  pH  value  is  found  to  be  0.0042  g.  for 


Amount  absorbed  in  grs.  per  cent  of  fresh  yeast 


0.5  g.  of  yeast  (suspended  in  a  100  c.c.  solution),  which  gives  a  con¬ 
centration  of  0.84  g.  of  neutral  red  for  100.  g.  of  fresh  yeast. 

In  the  experiment  with  cresyl  blue  the  lower  limit  at  which 
accumulation  of  the  dye  begins  is  also  at  pH  5.6  but  the  curve  does 
not  redescend  until  about  pH  10.  The  maximum  quantity  of 
cresyl  blue  absorbed  is  0.0041  g.  for  0.4  g.  of  yeast  which  makes  a 
concentration  of  1  g.  of  cresyl  blue  for  100  g.  of  fresh  yeast  The 
curve  for  Nile  blue  is  very  different,  for  the  lower  hmitTs  at  pH 

creases  to^HTo^f11^-^  *  Ve,r^  acid  medium>  and  steadily  hi- 
creases  to  pH  10,  at  which  point  the  curve  flattens  out.  The  maxi¬ 
mum  quantity  of  Nile  blue  absorbed  by  0.5  g  of  veast  in  thp 
presence  of  0  005  g.  of  Nile  blue  is  0.015  g  which  makes  a  con 
centration  of  dye  of  3  g.  for  100  g.  of  fresh  yeast. 

rather  disconcerting  results  demand  explanations  Two 
facts  are  indeed  surprising:  first  the  descending  portion  of 
curve  for  neutral  red  after  the  maximum  pH  value  is  reached ;  sec- 
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ondly,  the  lower  limit  for  accumulation  of  Nile  blue  placed  at  a  pH 
value  below  3  (2.4). 

These  apparent  irregularities  are  easily  interpreted.  In  study¬ 
ing  the  accumulation  of  neutral  red  by  yeast,  it  is  noticed  that  the 
quantity  of  dye  retained  by  the  cells  varies  incessantly,  because  of 
the  alternate  excretion  and  accumulation  of  the  dye.  There  is  not 
at  any  time,  therefore,  a  true  equilibrium  and  hence  no  real  sig¬ 
nificance  can  be  attributed  to  the  absorption  curve  of  neutral  red  in 
terms  of  pH  values. 

To  obtain  satisfactory  results,  a  1%  solution  of  KH2P04  must 
be  used.  In  it  the  yeast  does  not  grow  and  does  not  excrete  the 
dye.  Under  these  conditions,  the  amount  of  dye  absorbed  by  the 
yeast  varies  very  little  and  a  state  of  equilibrium  is  reached  which 
makes  it  possible  to  study  accurately  the  accumulation  of  neutral 
red  in  terms  of  pH.  The  curve  obtained  in  this  medium  is  similar 
to  that  for  cresyl  blue.  It  begins  at  pH  5.6,  rises  steadily  to  pH  9 
and  then  flattens  out. 

With  regard  to  the  second  point,  namely,  the  behavior  for  Nile 
blue,  it  must  be  taken  into  account  that  this  dye  is  absorbed  by  the 
protoplasm  of  yeast  and  if  the  other  dyes  (neutral  red  and  cresyl 
blue)  have  their  lower  limit  of  accumulation  set  at  pH  5.6,  one 
may  think  that  the  isoelectric  point  of  their  cytoplasmic  colloids 
must  be  situated  a  little  below  this  pH  and  that  there  occurs  in  its 
neighborhood  a  tightening  of  the  micelles  which  prevents  the 
penetration  of  these  dyes,  for  they  have  not,  like  Nile  blue,  an 
affinity  for  the  cytoplasm. 

Our  experiments  showed,  in  addition,  that  the  phenomenon  of 
the  accumulation  of  vital  dyes  in  the  vacuoles  seems,  up  to  a  certain 
point,  to  follow  the  law  of  Freundlich  and  to  correspond  to  an 

adsorption1. 

The  net  result  of  these  facts  is  that  vital  dyes,  although  not 
having  any  injurious  effects  on  cells  when  used  in  weak  doses,  do 
behave  as  toxic  substances  and  are  always  excreted  into  the  vacu- 
whorp  thpv  rpmain  fDhanerogams) ,  or  from  which  they  may 


1 Translator’s  vote.  A  ful 
Guilliermond,  received  after 
Travaux  r£cents  (Montpellier 


Medical  1940.  No.  1:1-24). 
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minimizes  this  difference  which  formerly  seemed  inexplicable.  In¬ 
deed,  this  work  has  shown  that  Saprolegnia  which  grows  with  the 
dye  accumulated  in  its  vacuoles  can  itself,  in  the  course  of  develop¬ 
ment,  excrete  the  dye  from  its  vacuoles  into  the  external  medium 
under  some  conditions.  This  fungus,  therefore,  has  a  behavior 
intermediate  between  that  of  the  phanerogams  and  that  of  the 
other  fungi.  It  is  not  certain  that  the  phanerogams  themselves 
may  not  be  capable  of  excreting  the  dye  in  their  vacuoles  to  the 
exterior,  but  this  is  done  with  difficulty  and  under  special 
conditions. 

The  purpose  for  exposing  here  the  essential  data  of  these  still 
little  known  investigations  before  beginning  the  study  of  the  vacu¬ 
oles  is  to  emphasize  the  following  points.  Among  the  dyes  which 
stain  the  vacuoles,  neutral  red,  Nile  blue  and  cresyl  blue  are  only 
very  slightly  toxic  and,  in  general,  bring  about  only  a  staining  of 
the  vacuoles.  In  addition,  the  staining  of  the  vacuoles  can  be  pro¬ 
duced  only  during  the  life  of  the  cell  and  is  essentially  a  vital  phe¬ 
nomenon.  Furthermore,  it  is  proved  experimentally  that  neutral 
red  is  much  the  least  toxic  of  these  dyes  and  that  it  is  never  retained 
by  the  cytoplasm  and,  except  in  rare  cases,  accumulates  only  in 
the  vacuoles.  It  is  a  stain  which  is  almost  specific  for  vacuoles 
and  is  the  most  useful  dye  for  the  study  of  these  elements.  It  has, 
besides,  the  advantage  of  not  being  reduced  by  the  cells,  as  are 
cresyl  blue  and  Nile  blue  (in  the  case  of  the  fungi).  Neutral  red, 
therefore,  is  indisputably  the  best  vital  stain  for  vacuoles. 

This  being  the  case,  the  importance  of  the  method  of  vital  stain¬ 
ing  in  the  study  of  the  vacuoles  is  readily  appreciated.  This  vital 
staining  makes  it  possible  not  only  to  observe  the  vacuoles  in 
preparations  between  slide  and  cover  glass  but  also  to  follow,  at 
least  in  most  plants,  the  entire  life  history  of  these  elements  in 
cultures  which  are  growing  on  media  to  which  vital  dyes  have  been 
added.  This  method  of  staining  living  material  has  led  to  im¬ 
portant  discoveries  which  we  shall  now  set  forth. 


Chapter  XIV 

DEVELOPMENT  OF  THE  VACUOLAR  SYSTEM 

First  stages  in  development:-  The  starting  point  of  the  recent 
discoveries  on  the  question  of  the  development  of  the  vacuolar  sys¬ 
tem  was  an  observation  made  by  us  on  the  mode  of  formation  of 
anthocyanin  pigment  in  teeth  of  leaflets  from  the  rose  bud. 
We  noticed  that  the  pigment  begins  to  form  at  the  extremity  of  the 
tooth.  In  examining  a  tooth  from  tip  to  base,  all  the  phases  in 


F,0.  92.  —  Teeth  of  young,  living  rose 
makes  visible  the  vacuolar  system  developed  f 
and  fuse  to  form  one  large  vacuole  per  cell.  A 


■ 

« 


leaflets  containing  anthocyanin  pigment  which 
>m  filamentous  vacuoles  which  swell,  anastomose 
D.  cells  at  tip:  B,  C.  older  cells.  D.  after  Pensa. 


the  formation  of  anthocyanin  may  be  followed.  Now  we  ob- 
cprvpd  that  in  the  youngest  cells,  namely,  those  at  the  t  p, 
figment  appears  aes  "minute,  numerous  filamentous  elements  very 
like  the  chondrioconts.  These  elements,  taken  a  g  . 
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pigment  in  solution.  By  reason  of  the  great  resemblance  between 
the  initial  shapes  in  which  anthocyanin  first  appears  and  the  shapes 
of  the  chondrioconts,  we  were  led  to  think,  originally,  that  this 
pigment  arose  in  the  elements  of  the  chondriome  which  then  be¬ 
came  transformed  into  vacuoles.  This  interpretation  was  founded 
also  on  the  fact  that  these  shapes  were  preserved  by  mitochondrial 
techniques.  With  the  method  of  Regaud,  for  example,  we  ob¬ 
tained  at  that  time,  both  typical  chondriosomes  and  elements  of 
the  same  form  as  the  chondriosomes,  but  a  little  larger,  stained 
in  the  same  way,  but  for  which  the  staining  was  less  stable  and 
which,  if  destaining  was  prolonged,  lost  all  the  dye  and  took  a 
yellow  color.  This  color  we  attributed  to  the  action  of  the  potas¬ 
sium  bichromate  on  the  anthocy¬ 
anin.  Now,  between  the  typical 
chondriosomes  and  these  elements 
which  resemble  them,  there 
seemed  to  exist  all  intermediate 
stages.  We  thought  at  that 
time,  therefore,  that  the  larger 
elements,  to  which  the  potassium 
bichromate  gives  a  yellow  color, 
corresponded  to  chondriosomes 
impregnated  with  anthocyanin. 

Our  interpretation  was  a  natural 
one  at  the  moment,  for  the  chon¬ 
driome  was  not  yet  well  known, 
the  origin  of  the  vacuoles  was  not 
understood,  and  it  was  thought 
that  most  of  the  pigments  of  ani¬ 
mal  cells  were  of  mitochondrial 
origin. 

This  observation  was  immedi¬ 
ately  investigated  by  a  certain 
number  of  workers  among  whom 
some  agreed  with  our  interpreta- 

latter  MTH^’toTthoueht  °hth,ers  .fc.ontested  ‘h™.  Among  the 
the  chondriosome  hke  deZntY »>ut  without  Haviiig  proved  it,  that 

formation  of  an^ocvanin  ren,»  hl^!"ark  the  be*i™ing  of  the 
SCHIN,  on  the  other  hand  present  filamentous  vacuoles.  Low- 
ures  correspond°  merehf  to*  °pinion  that  theae  %- 

the  anthocyanin  is  deposited  in  ^  4ccordin£  to  hi™ 

consequently  there  is  merely  a  fortnitiX  ^  thlS  form  and 

tWepnENsres?rgUreS  an;i  that  0f  the  “drio“nty  in  Shape  be- 

ments  of  anthocyanln  alwlys1  apnear^  ,cho,ndrios°me-shaped  ele- 
drial  methods  —  probably  in  yellow  by  mitochon- 

was  led  to  think  that  thev  have  ilf  ra‘1°ns  to°  much  destained  — 
Taking  up  Lowschin’s  theory  and  draw*10"  t0  the  cbondriosomes. 
ions,  PENSA  concluded  that  these  flgures^o^eTpond  ZreS’ Tan 


\  •  m 


Fig.  93.  —  Oil  glands  of  a  walnut  leaf. 
Regaud  s  method.  1,  4,  preparations  prop¬ 
erly  stained;  chondriosomes  (Af)  stained 
black,  filamentous  vacuoles  (VA)  containing 
an  anthocyanin-tannin  complex  stained  yel¬ 
low  brown.  2,  3.  preparations  insufficiently 
destained;  2,  both  elements  black;  3,  only 
vacuoles  visible.  Preparations  such  as  2,  3, 
might  lead  observers  to  think  the  chondrio- 
somes  are  transformed  into  tannin-contain¬ 
ing  vacuoles. 
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aggregated  state  of  anthocyanin  and  that  this  pigment  might, 
according  to  the  conditions  in  which  the  cell  is  at  the  time,  assume 
twro  different  colloidal  states  in  the  cytoplasm :  an  aggregated 
state  characterized  by  the  chondriosome-shaped  elements  scattered 
throughout  the  cytoplasm  and  a  state  of  dispersion,  i.e.y  a  state 
of  pseudosolution  in  the  cytoplasm.  By  treating  with  alkaloids 
those  cells  containing  anthocyanin  in  the  state  of  a  pseudosolution 
in  the  cytoplasm,  Pensa  claims  to  have  obtained  a  return  of  the 
pigments  to  the  aggregated  state,  characterized  by  the  produc¬ 
tion  of  anthocyanin  granules  assembled  in  little  chains  or  in  a 
network.  Thus,  according  to  Pensa,  the  chondriosome-shaped  ele¬ 
ments  of  anthocyanin  do  not  always  coincide  with  the  stage  of  the 
formation  of  pigment.  But  Pensa’s  interpretation  is  erroneous, 
for  the  author  did  not  understand  that  the  pigment  is  dissolved 
in  the  vacuoles  and  not  in  the  cytoplasm,  and  that  the  phases  which 
he  attributed  to  the  state  of  pseudosolution  of  the  pigment  corre¬ 
spond  to  the  dispersion  state  of  the  anthocyanin  within  a  single 
enormous  vacuole,  occupying  the  major  part  of  the  cell  and  sur¬ 
rounded  only  by  a  thin  layer  of  parietal  cytoplasm.  That  which 
Pensa  considers  to  be  the  cytoplasm  is,  therefore,  nothing  more 
than  vacuolar  sap.  Alkaloids  do  indeed  bring  about  flocculation 
(an  aggregated  state)  of  anthocyanin  in  the  form  of  granules 
showing  Brownian  movement.  The  granules  are  precipitates  of 
tannin  absorbing  the  pigment  as  they  form.  These  precipitates 
may  assemble  in  little  chains  or  in  a  network,  and  were  erroneous¬ 
ly  likened  by  Pensa  to  the  figures  observed  in  meristematic  cells. 
In  the  meristematic  cells  it  is  a  question  of  small  elements  shaped 
like  granules  or  filaments,  resembling  the  chondriosomes,  made  up 
of  a  concentrated  colloidal  solution  quite  different  from  the  vacu¬ 
oles  known  at  that  time.  Dangeard  later  gave  these  small  ele¬ 
ments  their  true  title  of  young  vacuoles.  There  is  nothing  in 
common  between  these  small  vacuoles  and  the  precipitations  of 
anthocyanin  obtained  by  Pensa  in  mature  cells. 


Credit  must  go  to  P.  A.  Dangeard  for  having  oriented  this  study 


direction.  We  have  already  said  that  in  studying  the 
the  vacuoles  in  very  diverse  plants  by  means  of  vital 
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concentrated  colloidal  contents,  the  enclosed  pigment  giving  them 
a  natural  color.  Consequently,  the  formation  of  anthocyanin,  from 
its  beginning,  is  associated  with  the  manner  in  which  the  vacuoles 
are  generally  formed.  Struck  by  the  resemblance  between  young 
vacuoles  and  the  chondriosomes,  as  we  ourselves  had  been,  Dange- 
ard  was  led  at  the  beginning  of  his  research  to  liken  them  to  chon¬ 
driosomes  and  to  think  that  the  forms  described  under  this  name 
in  animal  cells  corresponded  to  certain  aspects  of  vacuolar  develop¬ 
ment  analogous  to  those  forms  encountered  in  plant  cells. 

He  believed,  furthermore,  that  he  could  demonstrate  that  the 
colloidal  substance  of  which  the  vacuoles  are  formed,  corresponded 
to  a  special  substance  found  in  all  vacuoles,  regardless  of  the  type 
of  cell,  which  he  identified  with  metachromatin  ( volutin  of  Meyer)  . 
Consequently,  in  spite  of  current  opinion,  there  could  be  no  rela¬ 
tion  between  the  chondriosomes  and  the  plastids.  Hence  Dange- 
ard  gave  the  name  vacuome,  or  vacuolar  system,  to  all  the  vacuoles 
contained  in  a  cell  in  the  various  phases  of  its  development.  This 
expression  was  destined,  in  his  own  mind,  to  replace  that  of  chon- 
driome  and  the  term  mitochondrium  that  of  mitochondrial  sub¬ 
stance.  “The  greatest  error  of  cytologists,”  he  said,  “is  to  have 
confused  the  chondriome  and  the  metachromatin  with  the  plastids. 
This,  at  any  rate,  is  what  I  am  going  to  try  to  demonstrate.  The 
chondriome,  which  has  been  the  object  of  so  much  investigation, 
must,  in  my  opinion,  be  considered  otherwise  than  it  has  been  to 
the  present  time.  It  may  be  defined  as  the  whole  vacuolar  system 
in  its  various  and  successive  aspects.” 

Starting  from  the  fact  that  vacuoles  are  stained  by  dyes  and 
are  capable  of  taking  up  almost  the  entire  amount  of  dye  in  a 
solution,  Dangeard  made  his  vacuome  play  an  essential  role  in 
the  phenomena  of  nutrition  of  the  cell.  According  to  him,  meta¬ 
chromatin,  the  substance  specific  for  the  vacuome,  plays  at  one  and 
the  same  time  an  osmotic  and  a  selective  role.  It  fixes  the  nutri¬ 
ents  as  it,  in  turn,  is  fixed  by  the  vital  stains.  In  this  way  Dange¬ 
ard  explains  the  formation  of  anthocyanin  pigments.  These,  ac¬ 
cording  to  him,  arise  in  the  cytoplasm  and  are  fixed  by'  the 
metachromatin  of  the  vacuome  by  virtue  of  its  selective  power, 
thus  Dangeard  transfers  to  the  vacuome,  the  hypothesis  which 
Kegaud  had  proposed  to  explain  the  role  of  the  chondriome. 

Lastly,  P.  A.  Dangeard  and  his  son,  P.  Dangeard,  think  that 
the  vacuoles  are  permanent  elements  of  the  cell  and  multiply  only 

w^tH^H-ffhUS  ag5^e!n^  Wlth  the  conception  of  de  Vries,  but 
with  this  difference  that,  for  the  Dangeards,  the  vacuoles  bv  de 

Phasel"  Thfs  beC° ™  solid  *  certfffi 

spores  of  fungi  a’eUr°ne  gramS  and  VacUoles  of  dormant 

rp«fThlS  ?0t}0T\  of  takin£  the  chondriome  for  the  vacuome  which 

mfssible*  It'^eing11  true 'that^S;  "that  f*  was  inad' 

use7nbyrapteAthD  chondriosom“  are  not  stafne/bTthe  dyts 

used  by  P.  A.  Dangeard,  but  only,  and  then  with  difficulty  "by 
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other  dyes  which  do  not  have  a  predilection  for  the  vacuoles.  More¬ 
over,  the  chondriosome-shaped  vacuoles  are  of  temporary  nature 
and,  even  beginning  with  the  first  stages  of  cellular  development, 
these  vacuoles  take  in  water  and  become  transformed  into  large 
vacuoles,  whereas  it  is  known  that  the  chondriosomes  persist  dur¬ 
ing  the  entire  life  of  the  cell.  The  only  question  that  could  be 
asked  was  whether,  as  we  had  supposed,  the  vacuoles  were  not 
derived  in  some  cases  from  the  chondriosomes.  It  was  not  logical 
to  say  that  the  chondriome  and  the  vacuome  were  one  and  the 
same  thing.  The  interpretation  of  Dangeard  has  therefore  been 
abandoned  for  a  long  time  now,  even  apparently  by  its  author, 
although  without  explicit  statement  to  that  effect. 


Fl0  94.  —  Barley  root.  Stages  in  development  of  the 
vacuolar  system.  1-6.  meristem;  6-8.  adjacent  region  of  differ- 
entiation;  9.  mature  cells  of  cortical  parenchyma.  Vital  staining 
with  neutral  red. 


Our  investigations,  beginning  with  that  period,  gave  more 
details  and  indeed  confirmed  the  observations  of  P.  A.  Dangeard 
in  so  far  as  the  development  of  the  vacuoles  is  concerned  but 
thev  showed  that  the  chondriosome-shaped  vacuoles  and  the  chon 
driosomes  have  in  common  only  their  shape,  and  that  the  vacuome 
is  a  system  completely  independent  of  the  chondriome.  They 
showed^  furthermore,  that  the  vacuoles  are  not  characterized  by 
specific  substance  corresponding  to  metachromatin  an 
colloids  which  the  vacuoles  contain  are  substances  y  b 

naurSatVinTheSs e%rcrw0enrePXr^rOdnsyvertfied  by  ,W  nun, 
ber  o  cytolo  Jst  and  are  today  definitely  accepted.  The  vacuoles 

deonot,m  general,  stain  by  ^^-^^retMchha^causedaH 
very  complex  case  of  the  leafl  young  teeth  of 

the  difficulty.  It  has  been  seen  that  in  the  cells  > 
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these  leaflets  (Fig.  92)  there  are  chondriosome-shaped  vacuoles  con¬ 
taining  a  substance  which,  when  preserved  with  mitochondrial 
methods,  becomes  yellow,  but  which  may  be  stained  by  iron  haema- 
toxylin  and  which,  if  the  destaining  is  not  carried  far  enough,  ap¬ 
pears  black.  This  would  make  one  think  that  these  bodies  corre¬ 
spond  to  chondriosomes  impregnated  with  anthocyanin.  In  reality, 
as  we  were  able  to  demonstrate  by  later  work,  they  are  vacuoles 
containing  tannin  with  which  anthocyanin  is  associated.  Now, 
tannin,  like  the  lipide  substance  of  the  chondriosomes,  is  rendered 
insoluble  with  fixatives  containing  potassium  bichromate,  and 
may  be  stained  by  iron  haematoxylin.  On  the  other  hand, 
the  study  of  plants  in  which 
anthocyanin  is  not  associ¬ 
ated  with  tannin,  makes  it 
possible  to  observe  that  this 
pigment  is  not  preserved  by 
mitochondrial  techniques  and 
that  the  young  chondrio¬ 
some-shaped  vacuoles  in 
which  pigment  forms  do  not 
stain  with  mitochondrial 
methods.  Therefore,  Dan- 
GEARD,  instead  of  correcting 
a  partial  error  committed  by 
us,  made  the  mistake  of  gen¬ 
eralizing  it. 

Let  us  examine  in  more  de¬ 
tail  the  development  of  the 
vacuoles  in  the  phanerogams. 

In  the  barley  root  (Fig.  94), 
for  example,  the  phenomena 
studied  by  Dangeard  and 
then  by  us,  are  particularly  clear.  If  a  very  young  root  of  a 
seedling  is  studied  in  a  solution  of  neutral  red  by  crushing  the  root 
gently,  in  such  a  way  as  to  dissociate  the  cells  without  injuring 
lem,  numerous  minute  elements  are  seen  in  all  the  cells  of  the 
meristem.  They  are  scattered  about  in  the  cytoplasm  and  are 

est  cehsdeth  y  hon\°geneously  by  the  dye.  In  the  very  young¬ 
est  cells  these  elements  are  all  small  granules  but  thev  soon 

and  an 

some^'by^a^rmich^greater'diversiW  ***  ^  the 

that  they  are  reticulate  ThJv  Sl  f  aPPearance  and  by  the  fact 
centrated  colloidal  solution  of  senhflnid^  COmP°sed  of  a  very  con- 

tiv  iyn 

elements  swell  by  absorbing  water 


Fig.  95.  —  Young  flower  of  Iris  germanica. 
Early  stages  in  the  development  of  the  vacuolar 
system  in  the  trichomes  of  sepals.  Vitally  stained 
with  neutral  red. 
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most  diverse  appearance:  dumb-bell-shaped,  granules  arranged  like 
a  string  of  beads,  club-shaped,  spindle-shaped,  networks  of  monili- 
form  filaments.  They  then  become  transformed  into  small,  spher¬ 
ical  vacuoles  which  always  stain  uniformly,  but  as  they  continue  to 
take  in  water,  they  soon  appear  only  faintly  colored.  They  some¬ 
times  contain  a  few  deeply  stained  precipitates,  which  show  Brown¬ 
ian  movement  and  are  caused  by  the  precipitation  of  some  of  the 
colloidal  contents  of  the  vacuole  under  the  influence  of  the  dye. 
These  vacuoles  fuse  and  finally,  in  mature  cells,  form  a  single  large 
vacuole  which  occupies  the  major  part  of  the  cell,  pushing  the 
nucleus  and  cytoplasm  to  the  periphery.  The  cytoplasm  is  now 
reduced  to  a  thin  layer  around  the  vacuole  which  appears  faintly 
colored  and  shows  only  a  few  precipitates. 


Fig.  96.  —  Anagallis  arvensis.  Stages  In  the  formation  of  a  glandular 
hair  on  the  corolla;  anthocyanin  pigments  present  from  the  first  (in  vivo). 

The  development  of  the  vacuolar  system  in  the  root  of  the 
wheat  may  be  quite  as  easily  observed  and  the  phenomena  take 
place  in  the  same  way.  In  most  of  the  phanerogams  and  the 
pteridophytes1,  moreover,  an  analogous  development  of  the  vacu¬ 
olar  system  is  recognized.  Excellent  examples  are  furnished  y 
the  epidermal  cells  of  very  young  leaves  of  Ins  germanica,  by  the 
cells  of  very  young  hairs  from  the  sepals  of  the  same  plant  (Fig. 
95),  by  the  glandular  hairs  on  the  leaflets  of  the  walnut  (Fig.  w, 
bv  the  leaves  of  Anagallis  arvensis  and  others.  In  the  glandulai 
hairs,  the  vacuoles,  like  those  in  the  teeth  of  the  rose  leaflets,  con¬ 
tain  from  the  very  beginning  an  anthocyanin  pigment  which  makes 


■  In  the  apica.  cell  of  the  pteridophytes.  however,  there  are  found  only  '^"ari'no'smaU 
and  in  the  cells  of  the  menstem  which  are  erj‘fve'he  r°^ca,  cell  had  already  passed  through 
f^sUge^n  ;ahicUhle8ihe(  ^“werf  filTmentous  and  semi-fluid,  after  which  these  filamentous 
vacuoles  had  taken  in  water  and  coalesced. 
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it  possible  to  follow  their  entire  development  without  using  vital 
dyes.  The  large  vacuoles  of  mature  cells,  instead  of  staining  dif¬ 
fusely  without  precipitation  or  forming  only  a  very  few  precipi¬ 
tates,  may  behave  differently.  Very  often,  as  for  example,  in  the 
epidermal  cells  of  Iris  germanica,  the  vital  dyes  do  not  stain  the 
vacuolar  sap  and  only  produce  in  the  vacuole  deeply  stained  bodies 
showing  Brownian  movement  or  else  bring  about,  at  the  same 
time,  both  a  diffuse  coloration  of  the  vacuolar  sap  and  the  pro¬ 
duction  in  the  sap  of  colored  precipitates. 


Fig.  97.  —  Pea  root  vitally  stained  with  neutral  red. 
1-4,  meristem;  numerous  small  filamentous  vacuoles,  uniformly 
stained.  6-7,  differentiating  cells;  swelling  and  fusion  of  small 
vacuoles,  whose  colloidal  substance  is  precipitated  by  the  dye 
as  deeply  stained  bodies  showing  Brownian  movement. 


So  the  vacuoles  seem  to  be  at  first  small  elements  composed  of 
a  very  concentrated  colloidal  solution  which,  by  taking  in  water 

ofrathe  ^,rellHand  COalefe  during  the  Period  °f  differentTation 
cells,  and  become  large  vacuoles  containing  an  extremely 

dilute  colloidal  solution.  This  progressive  dilution  of  the  vacuolar 

Saafit“v  eV!dent  by  *e  ^ct  that  neutral  red 

i  "  st  ?  v  ,the  vacuoles  a  deep  homogeneous  color  stains 
on|y  ^akly  when  the  cells  have  attained  a  certain  degree  of 

and  concentration  of  the  conoidP1°US  dependlng  uP°n  the  nature 

theyWmay  *„e  ^  °f  their  development, 

geneously  without  showing  any  or  a*t  most**1"  w/akIy  and  hom°- 
as  in  the  roots  of  barley  and  wheat  f  ‘  few'  Palpitates, 
root  cap).  In  other  more  r.  .  (excePt  for  the  cells  of  the 

the  formation  of  numerous 'deeeD[lvesttah^aSHS,  Vl1?1.  dyeS  bring  about 
Brownian  movement,  at  the  same  time  +iP P^P'^es,  which  show 
olar  sap  diffusely  (vacuoles  in  the  *  a  that,they  sta>n  the  vacu- 
nica).  In  still  ofher  cases  the  ^a,  T  ™'  CeIls  of  ,ris  Serma- 
precipitates.  These  later’  fuse  and  03,186  only  colored 

sap  which  then  becomes  diffuSly  coloTed  SS°'Ve  in  the  vacuo,a’- 
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Rather  often,  there  are  normally  found  in  the  vacuoles  more 
or  less  large,  spherical  bodies,  or  small  granules  united  in  mul¬ 
berry-shaped  masses,  which  are  the  result  of  a  partial  precipita¬ 
tion  of  the  colloidal  solution  within  the  vacuoles.  These  bodies 
stain  with  vital  dyes  which,  at  the  same  time,  bring  about  other 
precipitates  of  the  same  or  of  different  natures.  The  normal  pres¬ 
ence  of  these  bodies  in  the  vacuole  could  be  explained  by  the  fact 
that  the  colloidal  micelles  contained  in  the  vacuoles  in  some  cases 
do  not  possess  a  power  of  unlimited  imbibition,  so  a  time  seems 
to  come  when  they  cease  to  take  in  water.  A  disturbance  in  equi¬ 
librium  occurs  and  this  leads  to  the  production  in  the  vacuolar 
sap  of  a  coacervate. 

It  may  be  added  that  rather  frequently  the  large  vacuoles  of 
mature  cells,  especially  when  they  contain  tan¬ 
nins,  continue  to  enclose  a  very  concentrated  so¬ 
lution  and  in  living  material  are  exceedingly 
refractive.  These  vacuoles  which  seem  to  be  in 
the  state  of  a  jelly  do  not  form  precipitates  with 
vital  dyes  or  else  form  them  with  great  difficulty. 
In  the  latter  case  they  show  an  intense  homo¬ 
geneous  color.  There  are  even  cases  in  which  the 
jelly  is  almost  solid  and  in  such  cases  it  becomes 
very  difficult  to  plasmolyze  the  cells,  as  is  seen 
in  the  vacuoles  of  the  pericarp  of  Ilex  Aquifolium 
(Guilliermond,  Chaze). 

Vacuoles  behave  differently  according  to  the 
nature  of  their  contents. 

The  development  of  the  vacuolar  system  which 
we  have  just  described  is  of  very  general  occur¬ 
rence  and  has  been  observed  in  very  widely  sep¬ 
arated  plants  (phanerogams:  P.  A.  Dangeard, 
Guilliermond,  P.  Dangeard,  Bailey,  Zirkle  and 
others ;  pteridophytes :  Em berger)  . 

All  the  vacuoles  of  the  higher  plants  however, 
do  not  follow  exactly  this  development.  Thus,  in 
studying  the  formation  of  the  vacuoles  in  the  bud  of  Elodea  cana¬ 
densis,  it  is  observed  that  in  all  the  cells  of  the  meristem  of  the 
stem  and  of  the  youngest  foliar  primordia,  there  are  numerous,  very 
small  vacuoles  which  are  always  globose  and  never  filamentous. 
These  generally  stain  uniformly  and  deeply  with  neutral  re^» 
in  certain  cases  there  is  seen  in  their  interior  a  smgle,  deep  y 
stained,  corpuscle  showing  Brownian  movement.  This  corpusc 
has  been  produced  by  a  precipitation  of  the  colloida1  contente  o^ 
the  vacuole  These  vacuoles,  which  are  not  visible  in  living  rru 
rial  ^without  being  stained,  seem  to  be  constituted  of  a  less  concen¬ 
trated  colloidal  solution  than  are  those  in  ordinary  cases.  1  y 
“  „  bv  taking  in  water  and  then  gradually  coalesce  to 

£rm  T  mature  cens,  a  single  vacuole  which  neutral  red  stains 
diffuse  y  while  also  causing  the  production  of  numerous  precip^- 
Utes  There  are,  therefore,  no  filamentous  or  reticulate  formations 


Fig.  98.  —  Bud  of 
Elodea  canadensis  vi¬ 
tally  stained  with 
neutral  red.  Vacu¬ 
oles  globular  and  uni¬ 
formly  stained:  or 
■mall  and  colorless 
with  one  or  several 
colored  precipitates. 
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but  only  spherical  vacuoles  to  be  found  at  the  beginning  of  develop¬ 
ment  of  this  type  of  vacuolar  system. 

Among  the  fungi,  the  Saprolegniaceae  constitute  particularly 
favorable  objects  for  the  study  of  the  vacuolar  system,  to  which  we 
will  have  to  return  later.  When  the  mycelium  of  a  species  of  Sapro- 
legnia  is  examined  in  a  solution  of  neutral  red,  there  are  observed 
at  the  growing  extremities  of  the  plant,  vacuoles  which  at  first 
are  generally  small  globular  elements.  These  elongate  and  appear 
as  thin,  tenuous  canaliculi,  more  or  less  oriented  in  the  direction 
of  the  longitudinal  axis  of  the  hypha.  These  canaliculi  anastomose 
and  form  a  delicate  and  complicated  network.  In  this  region  they 
appear  more  fluid  and  with  too  little  difference  in  refractivity  be- 


♦ 


witn  neutral  red. 


Flo.  99.  —  Saprolegnia  vitally  stained 
Development  of  the  vacuolar  system.  1-8,  tips  of  growing 
filaments;  anastomosing  canaliculi.  4,  older  filaments;  fusion 

fn  sa8r  e^stm  6*  'at7  8ta*e:  Epilated  bodies 

m  sap.  6>  8tlll  ,ater  8tasre.  smgle  canaJ  conta.n  . 


running  from  one  end  nf  1S  on  y  a  slnSle  canal 

occupies  the  major  part  of  tt  hypCand  ^ 

duce  both  numerous  ae-  the  Vltal  dyes  pro- 

Of  the  vacuolar  sap  TfeSl  preciPltates  a"d  diffuse  staining 
only  a  thin  layer  about  this^a™f^/?n°rdm?  y’  now  constitutes 
the  wall  of  the  siphon  and  the  nuclei  are  aPPressed  to 

canal  running  fronTon^enVof"^!!*  figment  to^th  na^ely’  a  single 
ously  adapted  to  the  sinhrmnf^  of  ament  to  the  other  and  obvi- 

This  form  can  be  fou 
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In  most  fungi,  except  for  the  Phycomycetes,  the  vacuoles  appear 
in  the  tips  of  the  growing  hyphae  as  very  numerous,  small,  globular 
elements  which  sometimes  stain  uniformly  and  deeply  with  the 
vital  dyes  and  sometimes  remain  uncolored  but  contain  a  deeply 
stained  corpuscle  showing  Brownian  movement  (Fig.  100).  These 
vacuoles  swell  in  regions  farther  away  from  the  tip,  then  coalesce, 
until,  in  the  regions  still  farther  away,  they  form  large  colorless 
vacuoles  filled  with  deeply  stained  corpuscles.  These  bodies  swell 
after  a  time,  then  may  dissolve  and  give  the  vacuole  a  diffuse  and 
homogeneous  color.  This  is  also  true  in  the  yeasts  in  which  there 
exist  in  the  bud  several  small,  spherical  vacuoles,  sometimes  uni¬ 
formly  stained  with  neutral  red,  sometimes  not 
stained  at  all,  but  containing  colored  corpuscles. 
These  small  vacuoles  fuse  during  the  growth  of 
the  bud  until  there  is  present  only  one  large  vacu¬ 
ole  or  a  few  large  vacuoles  filled  with  stained  cor¬ 
puscles  showing  Brownian  movement.  (Fig.  101). 

In  some  of  the  lower  plants,  the  vacuoles  de¬ 
velop  quite  differently.  In  many  algae,  the  Con- 
jugatae  for  example,  they  are  always  in  the  form 
of  large  liquid  vacuoles.  In  other  algae  they 
may,  on  the  contrary,  appear  during  the  entire 
cellular  development  as  very  small,  semi-fluid, 
usually  globular,  vacuoles,  scattered  about  in 
the  cytoplasm  and  never  undergoing  hydra- 
£v”£i  tion.  These  vacuoles,  formed  of  a  very  concen- 
staining  with  neutral  trated  colloidal  solution,  stain  homogeneously  and 

deeply  with  neutral  red,  usually  without  precipita- 
intensely  colored  gra n-  ^ion.  This  is  the  type  of  vacuole  generally  found 

in  the  Phytoflagellates  (Euglenas,  Peridinieae  and 
Volvocales  observed  by  the  Dangeards),  in  cer- 
o£  tain  land  forms  of  the  Chlorophyceae  ( Pleuro - 

fixative  stained  with  coccus,  Pleurastrum,  Prasiola  reported  by  Puy- 
haematein.  ci,  Hpide  maly).  The  Cyanophyceae  also  contain  similar 
granules  around  vacu-  vacuoies  which  are  found  localized  in  the  parietal 

cytoplasmic  layer  surrounding  the  central  body, 
i.e.,  the  region  which  corresponds  to  the  nucleus  <GV£UJKMON^. 
The  bacteria  seem  to  belong  to  this  category.  In  them,  y 
staining  or  after  fixation,  there  are  observed,  especially  at  tiw 
poles  of  the  cell,  metachromatic  corpuscles  which  seem  to  corre 
spond  to  small  vacuoles  with  very  concentrated  metachromatm 
(GUILLIERMOND,  Mile.  Delaporte).  Vacuoles  of  this  type  are 
countered  in  the  conidia,  in  the  spores  and  m  the  zoosporcs  o 


ules  (CM)  which 
show  Brownian  move¬ 
ment  and  which  cor¬ 
respond  to  bodies  of 
metachromatin 
tained  with  Bouin’s 
fixative  stained  with 
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seem  to  be  encountered  in  all  cells  in  all  phases  of  development  and 
that,  in  general,  they  appear  in  embryonic  cells  as  minute  elements 
composed  of  a  very  concentrated  colloidal  solution  and  that  they 
sometimes  show  a  great  resemblance  in  form  and  dimensions  to 
the  chondriosomes.  These  chondriosome-shaped  elements  swell  and 
are  transformed  into  large  liquid  vacuoles  containing  very  dilute 
colloidal  solutions.  These  facts  do  not,  however,  confirm  DANGE- 
ard’s  interpretation  in  which  he  identifies  the  vacuolar  system 
with  the  chondriome.  Although  in  some  cells  the  young  vacuoles 
present  forms  almost  identical  with  those  of  the  chondriosomes, 
there  are  other  very  numerous  cases  in  which  the  young  vacuoles, 
on  the  contrary,  have  an  appearance  which  does  not  permit  of  any 
confusion  with  the  chondriosomes.  For  example,  in  some  algae, 
the  vacuoles  remain  constantly  in  the 
state  of  large  liquid  inclusions.  Nev¬ 
ertheless,  since  it  is  evident  that 
these  two  categories  of  elements  may 
sometimes  be  easily  mistaken  for  one 
another,  it  is  advisable  to  examine 
here  the  characteristics  which  make 
it  possible  to  distinguish  between 
them. 

Chondriosome-shaped  vacuoles  and 
chondriosomes.  Characteristic  dif¬ 
ferences:-  The  vacuoles,  even  in 
their  chondriosome-shaped  state,  are 
essentially  distinct  from  the  chon¬ 
driosomes  in  their  histochemical 
characteristics.  An  inherent  differ¬ 
ence  rests  in  the  fact  that  although 
the  vacuoles  stain  deeply  with  vital 
stains  (neutral  red,  cresyl  blue,  Nile 
blue,  etc.),  the  chondriosomes,  on  the 

Iivino^Qta+^aVe  no.affi"!ty  for. these  dyes  and  are  not  colored  in  the 

methvl  ^i'olenCePtv,Wlth  spec11.al  stains  <Janus  green.  Dahlia  violet, 
racuo  s  R  L  usually  show  no  marked  affinity  for  the 

~W^  VS  S  been  seen’  stainin«  of  the  vacuoles  is 

On  the  contra^  thfTT"  and  ceases  when  the  cells  are  killed, 
un  me  contrary  the  chondriosomes  stain  only  temporarilv-  their 

*°'°fatl?n  18  stable  only  in  dying  cells  and  is  theTXays  accom- 
ii  vesiculation,  a  state  soon  followed  by  the  death  of  thp 

vacuoles  may  be  made  certain  hvvrta?Pf  enCe  °f  these  from  the 

somes  remain  unstained  t ho  y  staining,  since  the  chondrio- 
the  Saprolegniaceae  in  which  th^T  °*Jservatlon  may  be  made  for 
visible  in  thThvffig  tate  in  al  ^f  °ndr;°/°m,e3  are  always  dearly 


stained  bodies  precipitated  in  the 
vacuole  by  the  dye;  small  vacuoles  in 
branches  seen  to  form  de  novo.  6- 
19,  germinating  conidia;  small  vacu¬ 
oles  in  germination  tube  seem  to 
form  de  novo. 
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myces  Magnusii)  a  double  vital  staining  of  the  chondriome  and 
the  vacuolar  system  by  means  of  using  a  mixture  of  a  solution  of 
neutral  red  and  Janus  green  or  Dahlia  violet.  In  this  way,  we  were 
able  to  follow  the  simultaneous  development  of  the  two  systems 
during  the  entire  growth  of  the  plant.  The  chondriosomes  by  this 
method  are  colored  green  or  blue  and  the  vacuoles  red.  (Fig.  104) . 

These  initial  forms  of  the  vacuoles  which  look  like  chondrio¬ 


somes,  are  very  fragile,  just  as  the  chondriosomes  are,  and  they 
swell  and  fuse  into  larger  spherical  vacuoles  during  prolonged 
observations  with  vital  staining,  but  this  alteration  of  shape  has 
nothing  in  common  with  the  cavulation  of  the  chondriosomes  (c/. 
p.  101).  Solutions  of  osmic  acid  preserve  and  heavily  blacken 

the  chondriosome-shaped  vacuoles  whenever  they 
contain  phenolic  compounds;  otherwise  it  may 
preserve  them  in  a  greatly  swollen  condition 
without  blackening  them.  It  is  known  that  the 
chondriosomes  are,  on  the  contrary,  very  well 
preserved  with  osmic  acid  but  are  not  darkened 
by  it. 

In  preparations  treated  by  mitochondrial  tech¬ 
niques,  the  chondriosome-shaped  vacuoles  usually 
appear  as  uncolored  canaliculi,  sometimes  anasto¬ 
mosing  in  a  network  in  the  midst  of  the  faintly 
colored  cytoplasm.  Sometimes  the  contents  of 
the  vacuole  are  colored,  but  this  is  rare.  When 
it  does  occur,  however,  they  are  always  found 
condensed  by  the  action  of  the  fixatives  in  the 
middle  of  the  colorless  canaliculi  so  that  it  is  not 
possible  to  confuse  the  elements  of  the  vacuolar 
system  with  the  chondriosomes.  Sometimes  also 
the  colloidal  contents  of  large  liquid  vacuoles,  de¬ 
rived  from  the  chondriosome-shaped  vacuoles  by 


FIG.  102.  —  Cera 
tium  etrictum. 


N, 


nucleus;  v,  vesicle:  hydration,  show  bodies  precipitated  by  the  action 
dangeakd*)'.69  <After  of  the  fixatives  which  stain  with  mitochondrial 

technique.  (Figs.  105,  106). 

In  all  cases  in  which  the  vacuoles  contain  tannins,  the  chon¬ 
driosome-shaped  vacuoles  appear  as  filaments,  or  as  a  network, 
somewhat  dilated  by  fixatives  and  colored  yellow  by  potassium 
bichromate,  or  blackened  by  osmic  acid,  according  to  the  method 
employed  The  large  liquid  vacuoles  resulting  from  their  fusion 
show,  with  the  same  methods,  either  granular  p^ipitetions  o^ 
large  corpuscles  stained  yellow  by  potassium  bichromate  or  black¬ 
ened  bv  osmic  acid.  But  there  is  no  method,  in  most  cases,  which 
makes  it  possible  to  stain  the  colloidal  contents  of  the  vacuoles 
after  fixation,  when  they  do  not  contain  tannins,  unless,  Perhap^ 
the  Golgi,  methods  which  will  be  discussed  later  (hig.  107  ana 
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or  alcohol,  is  stained  deeply  red  by  aniline  blue  or  violet  basic 
dyes,  as  well  as  by  haematein.  It  consequently  shows  a  whole 
series  of  histochemical  reactions  which  are  very  well  known  and 
are  very  different  from  those  of  the  chondriosomes. 

It  is,  therefore,  well  established  that  there  does  not  exist  the 
slightest  relation  between  the  chondriome  and  the  vacuolar  sys¬ 
tem;  they  are  two  independent  systems  which  are  coexistent  in 
the  cell.  There  is  between  the  young  stages  of  the  vacuoles  and 
the  chondriosomes  merely  a  coincidence  of  form.  This  close  re¬ 
semblance  exists,  however,  only  in  a  very  limited  phase  in  the 
development  of  the  vacuoles  and  seems  to  be  explained  by  the  fact 
that  the  vacuoles  are  at  that  moment  in  a  semi-fluid  physical  state 
which  is  closely  allied  to  the  physical  state  of  the  chondriosomes. 
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Physical  characteristics  of  the 
vacuoles:-  The  chondriosome- 
shaped  vacuoles  seem  to  be  of  semi¬ 
fluid  consistency  and  in  a  physical 
state  which  approaches  that  of 
the  chondriosomes.  Ultramicro- 
scopic  examination  shows  that  in 
general  the  chondriosome-shaped 
vacuoles  are  no  more  visible  than 
the  chondriosomes  (Fig.  109).  In 
certain  cases,  however  (teeth  of 
young  rose  leaflets,  barley  and 
wheat  roots),  it  is  possible  to  dis¬ 
tinguish  them.  They  appear  optic¬ 
ally  empty  and  are  visible  only  be¬ 
cause  of  their  faintly  luminous 
contours,  i.e.,  when  they  can  be 
seen,  they  show  the  same  charac¬ 
teristics  in  this  respect  as  do  the 
chondriosomes  and  the  plastids. 

With  the  chondriosomes  and  the  - 

plastids,  they  might  be  classified  as  a  coacervate  system. 

soml  Shaped  vlSf’  by  swel,ing  from  these  chondrio- 

in  Ju; vacu°les>  also  appear  optically  empty  even  in  cases 

l  mta  leSr  tUndaT  °f  substances  (?an- 

reasoiTof  thei^faintlv  hfm  ta*  mfr?qUent,y  they  are  visible  by 
ods,  however  often  makeTt  hn^  m^T8’  Certaln  indirect  meth- 
in  the  yeasts,  there  extst  fa  t0,  loCal:e  their  P°si«°n.  Thus 

oles,  numerous  lipide  drdplets  which  ESm  bordenng  on  the  vacu- 
because  of  them  the  position  of  the  h  aPPear  very  luminous  and 
(Fiv.  not  ThJ™\™  .•  0f  the  vacu°les  may  be  easily  detected 

lighted  granules  which  fhowBrnw6^  Wlthm  tlle  vacuoles  strongly 


.  Cladophora;  vital  staining 
of  large  central  and  small  peripheral 
vacuoles.  b ,  c,  Ulothrix  pseudo- flocea; 
arrangement  of  vacuoles  in  b  vegetative 
cells  and  in  c  zoosporangium.  d,  e, 
Cladophora ;  zoospores  which  have  ceased 
swarming,  f,  Bryopsis  plumosa;  zoospore. 
g,  Ulva  Lactuca;  zoospore  which  has  just 
come  to  rest.  st.  stigma.  (After  Dan- 
geard), 


Guilliermond  -  Atkinson  —  160 _ 


Cytoplasm 


visible,  or  of  a  very  fluid  hydrogel.  Nevertheless  this  solution  is 
very  unstable  and  easily  precipitable,  as  we  have  seen  in  studying 
the  action  of  vital  dyes  on  the  vacuoles.  Sometimes,  however,  the 
large  vacuoles  of  mature  cells  remain,  as  has  been  said,  in  the  state 


large  vacuoles  of  mature  cells  remain,  as  has  been  said,  in  the  state 
of  a  very  concentrated  colloidal  solution,  a  sort  of  jelly.  In  this 

case,  they  are  grenerallv  visible  in 


m 

mi 


i  ouiuuua,  a,  sort,  oi  jeny.  in  ll 
case,  they  are  generally  visible  in 
the  ultramicroscope  because  of 
their  luminous  contours. 

The  filamentous  vacuoles  seem, 
like  the  chondriosomes,  to  have  a 
specific  weight  rather  like  that  of 
the  cytoplasm,  although  often  it 
is  higher.  For  example,  Aker- 
man  found  by  use  of  the  centri¬ 
fuge  that  the  filamentous  vacuoles 
existing  under  certain  conditions 
in  the  tentacles  of  Drosera  are 
heavier  than  the  cytoplasm.  H. 
Clement,  by  the  same  process, 
was  not  able  to  displace  the  chon- 
driosome-shaped  vacuoles  contain¬ 
ing  anthocyanin  in  the  teeth  of 
young  rose  leaflets.  In  recent  work, 
Milovidov  has  shown  that,  in 
the  youngest  cells  of  the  teeth,  the 
chondriosome-shaped  vacuoles  con¬ 
taining  concentrated  solutions  of 
tannin  and  anthocyanin  become 
oriented  in  the  direction  of  the  cen¬ 
trifugal  force  and  are  therefore 
heavier  than  cytoplasm.  The  large 
vacuoles  derived  from  them,  and 
containing  a  more  dilute  solution 
of  tannin,  become  oriented  in  the 
opposite  direction,  i.e.,  centripetal- 
ly,  and  are  lighter  than  the  cyto¬ 
plasm.  Milovidov  obtained  simi¬ 
lar  results  with  barley  roots.  In 
cells  of  the  youngest  part  of  the 
meristem,  the  vacuoles  are  heavier 
than  the  cytoplasm  and  are  easily 
displaced  in  the  direction  of  cen- 


Fic.  104.  —  Filaments  and  oidia  of 

Endomyces  Magnusii.  Double  vital  staining 
with  Dahlia  violet,  which  stains  the  chon¬ 
driosomes  (c).  and  with  neutral  red.  which 
colors  the  young  vacuoles  (1.  V).  or  in 
older  vacuoles  (V)  causes  precipitation  of 
their  metachromatic  substances  as  deeply 
colored  bodies.  Gl,  lipide  granules. 

Uispmccu  in  mw  - -  —  - 

trifugal  force.  In  regions  situated  just  a  little  above,  the  vacu¬ 
oles  which  are  beginning  to  take  m  water 

density  as  the  cytoplasm  and  are  no  longer  displaced.  In  the  reg  on 
in  which  the  cells  are  already  differentiated  the  vacuoles  are  muji 
lighter  than  the  cytoplasm  and  are  displaced  .in  a  P 

dll*Thus  the  small  vacuoles  which  look  like  the 
semi-fluid  or  sometimes  almost  solid  elements.  T  y 
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composed  of  a  jelly  or  of  a  coacervate.  One  is  therefore  led  to 
believe  that  the  development  of  the  vacuoles  described  in  the  pre¬ 
ceding  pages  may  possibly  be  nothing  more  than  an  unlimited 
imbibition  of  small  elements,  shaped  like  granules  or  filaments, 
which  are  in  a  jellied  or  coacervate  state.  This  imbibition  would 
involve  the  transformation  of  the  original  gel  into  a  very  dilute 
solution  represented  by  the  liquid  vacuoles. 

Chemical  nature  of  the  colloidal  substance  of  vacuoles:-  The 
histochemical  characteristics  of  young  vacuoles,  which  we  have 
enumerated  to  establish  a  distinction  between  the  chondriosome- 
shaped  vacuoles  and  the  chondriosomes  themselves,  prove  that  the 


Fio.  105.  —  Ricinua  root.  Meristem  fixed  by 
Regaud’s  method.  Black,  filamentous  or  granular 
chondriosomes  ( Ch )  and  vacuoles  (V),  the  latter 
distinguished  by  an  external  hyaline  region  due 
to  a  contraction  of  their  colloidal  contents  during 


colloidal  substan^s  of  the  vacuolar  sap  have  an  essentially  variable 

rss.  ..SSI,™  aa  aj-i 

It  -tun,  them  .  “l"  ,< ««*»  *'««)  ■ 

dark  red.  In  the  cells  ofnklvn!  d°!?d  corpuscles  are  colored 
oles  is  extremely  variable  Wheno8™’.?6  staining  of  the  vacu- 

when  the 
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pholipides  reported  by  Reilhes)  .  In  other  cases  the  vacuoles  take 
on  colors  toward  the  violet. 

Dangeard  used  the  characteristic  shown  by  blue  vital  dyes,  of 
staining  red  or  violet  those  vacuoles  which  contain  metachromatin, 
as  the  only  basis  for  his  theory  of  the  universal  presence  of  meta¬ 
chromatin  in  vacuoles.  But  this  staining  reaction  (Fr.  metachro- 
masie)  is  not  a  characteristic  belonging  alone  to  the  substance  called 
metachromatin.  Metachromatin  has  been  so  named  because  it 


Fig.  106.  —  Root  of  pea.  A,  meristem;  chondrio- 
somes  (m)  stained,  vacuoles  ( P.V .)  colorless.  B,  C. 
meristem  of  central  cylinder;  contents  of  filamentous 
vacuoles  (P.V.)  clearly  distinguished  from  the  chon- 
driosomes  by  a  peripheral  hyaline  region  caused  by 
contraction  of  the  contents  of  the  vacuole  by  the 
fixative.  D,  differentiated  cortical  parenchyma; 
single  large  vacuole  with  densely  stained  bodies 
( P.V. ).  m,  chondriosomes.  V,  vacuole.  Regaud  s 
method. 


changes  all  blue  and  violet  aniline  dyes  and  haematein  to  a  red  color 
after  fixation.  Now  this  still  unexplained  phenomenon  has  ™>  ' ela¬ 
tion  to  the  color  change  obtained  with  vital  staining.  One  can  not, 
as  do  the  Dangeards,  relate  the  colloidal  contents  of  all  vacuo  es  o 
a  single  substance  and  call  it  metachromatin  since  metachromatm 
is  a  substance  present  in  fungi,  so  named  by  reason .of  a  color 
change  which  it  shows  after  fixation,  not  when  vitally  stained.  Be 
Sdes  It  has  been  seen  that  metachromatin  is  preserved  by  alcohol 

s  s 
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the  vacuoles  containing  phenolic  compounds,  the  red  or  violet 
coloration  which  they  take  in  other  cases  is  difficult  to  explain,  for 
it  is  known  that  cresyl  blue  in  solution  in  pure  water  shows  only 
a  single  change  in  color :  it  takes  on  an  orange  tint  for  a  pH  value 
of  11.2.  Nevertheless,  according  to  Mangenot  and  Mile  Laurent, 
cresyl  blue  at  a  pH  which  is  not  accurately  measured,  shows  a 
change  to  violet,  on  condition  that  the  medium  contain  diverse 
colloidal  substances  (sodium  silicate,  dextrine,  protein,  etc.)  or 
even  sugar  (saccharose,  according  to  unpublished  work).  This 
fact  has  been  confirmed  by  Chadefaud. 


...  G-  ,  (right).  Saprolegma.  Chondriome  and  vacuolar  system  1  9  v.v^i  *  •  "• 

«■*  <*p  rs 

stained  bodies  (CM),  other  element,  vi.ible  bS  Ttil'l' ,!/' 

canal  (V)  loses  its  stain,  other  bodies  as  in  12)  4  3’  °,der  filament:  vacuolar 

with  iron  haematoxylin;  vacuolar  canal  unstained  lf’j4  flame.nts-  Regaud’s  method 
(Ch)  strongly  stained.  5,  6,  mature  filament  MeveV  p  gra.nGles  .  dlsso,ved.  chondriosomes 

(Ck)  red>  lipide  granules  WO)  brown.  Ch,  'chondriosomes  2^  nucleus.fUCh8in  =  chondriosomes 


_i_It,must,be  added  that  the  change  to  red  in  the  vacuoles  ma\ 

rSMsgssrSs 

staining  is  a  histochemical  action ^  charttofsbctf  "all 
esters  of  high  molecular  wpio-h*  xt  aracteristic  of  all  sulfuric 

ar‘,  ;ll‘-'  .net  important  arnoi^  them  ^  ^  po,yholo3id‘ 

causes  and  which  may  be  obtained  ,»  w  k  most  variable 

^emicarSubstanceanCeS’  "0t  P°SS'bly  se™e  to  dfarecterize^ 

- *  yawstfs 
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are  often  associated  or  combined  with  tannins  and  perhaps  with 
mucilages.  Lloyd  and  various  other  authors  have  shown  that 
tannin  is  often  combined  with  mucilages  in  the  state  of  a  com¬ 
plex,  and  it  is  thought  that  the  vacuoles  containing  raphides  en¬ 
close  mucilages.  Furthermore,  recent  work  has  shown  that  in 
certain  cells  the  vacuoles  contain  a  colloidal  solution  of  phytosterol 
or  of  phosphoaminolipides.  These  substances  may  become  par¬ 
tially  solid  in  the  epidermal  cells  of  the  Liliaceae  (Fig.  112).  These 
cells  ordinarily  contain  a  large  inclusion,  formed  of  a  complex  of 
phytosterol  and  of  phosphoaminolipides,  which  Mirande  described 
for  the  first  time  under  the  name  of  sterinoplast.  This,  he  considered 


Fio.  109.  —  Rose.  Cells  from  a  tooth 
ultramlcroscope,  showing  faintly  luminous 
oles  (V)  and  of  the  nuclei  <N).  1. 

differentiated  cells. 


of  a  leaflet  under  the 
contours  of  the  vacu- 
tip  of  tooth.  2-4, 


to  be  a  cytoplasmic  inclusion,  a  sort  of  plastid,  elaborating  p  y- 
tosterol.  The  work  of  Miraton  and  of  Emberger  has  demon¬ 
strated  that  the  sterinoplasts  are  not  simple  vacuolar  concretions. 
The  recent  work  of  Reilhes  has  established  the  fact  that  the  vacu¬ 
olar  sap  of  these  cells  contains  a  solution  of  phosPhoaminolipid 
and  of  phytosterol  which,  in  mature  cells,  becomes  partially ^ 
fied  in  the  vacuoles  in  the  form  of  large  bodies  composed  of  a  pho*. 
Dhoaminolipide-phytosterol  complex.  Inclusions,  apparently  of  t 

Safe 

cells.  The  vacuoles  of  Monotropa  accordi  g 
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quantities  of  lipides.  Furthermore,  Buvat  reported  in  the  vacu¬ 
oles  of  many  roots,  the  existence  of  phosphoaminolipide  concretions 

sometimes  combined  with  proteins. 

In  the  algae,  the  colloidal  substances  of  the  vacuoles  are  also 
very  diverse.  Proteins,  tannins  and  mucilages  seem  to  exist  in 
them  but  metachromcLtin  and  volutin  are  also  frequently  found. 
This  last  substance,  which  is  also  found  in  the  bacteria,  especially 
characterizes  the  fungi,  in  which,  with  the  exception  of  some  of 


Fig.  110.  —  Saccharomycodes.  (A),  under  the 
ultramicroscope;  (B).  with  direct  light.  A,  1-6  S. 
Ludungii.  Vacuoles  ( V )  usually  invisible;  position 
marked  by  strongly  lighted  lipide  granules  (Gl; 
A3.  B5)  surrounding  them  and  corpuscles  of 

metachromatin  (C;  A2,  B2)  which  they  contain. 
4.  contour  of  vacuole  visible.  6.  cytoplasm  coagu¬ 
lated.  7-9,  S.  pastorianus.  B.  S.  Ludwigii. 


(paPr°le£niaceae  and  Peronosporaceae) ,  its 
the  rolp  nf  °  ^enera  °ccurrence  and  in  which  it  appears  to  play 

he  vacuoLnf^6  Pr°duCt  V  fact  this  substance  accumulates  in 
the  vacuoles  of  the  epiplasm  of  the  asci  of  yeasts  and  of  the  hitrher 

the  'glycogen  TnVthJT r?>?d  by,tht  ascosPores  at  the  same  time  as 
epinlasm  8  Vein?-  the  ’lpid®s  whlch  are  coexistent  with  it  in  the 
we  have  seel  make  reo™  ^^cal  characteristics  which  as 
tion  is  still  not  well  rlot8n*  *0n  ^  eas^'  Rs  chemical  constitu- 

supposing  that  iHs  fo^dT*  bU‘  ^  are  g0od  reasons  for 
(Arthur  Meyer).  y  a  com^lnati°n  with  nucleic  acid 

MAN  T  t0hatMlle\DEhLAP0RTE  and  Mlle-  R°UKEL- 

zymonucleic  acid  compound  which  1?  r0,matm  corresponds  to  a 
quantities  in  yeaste  AcZdW  to  the,  .extracted  great 
Of  these  fungi,  as  well  as  those  of  othe/pS^^^1^ 
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posed  of  thymonucleic  acid,  like  those  of  animal  cells,  which  ex¬ 
plains  why  the  Feulgen  reaction  is  obtained  just  as  well  in  plant, 
as  in  animal,  nuclei.  In  the  Saprolegniaceae,  finally,  we  have 
found  sphaerocrystals  which  appear  to  have  some  relation  to  the 
phosphoaminolipides. 

The  vacuoles  contain,  as  well  as  the  colloidal  material  just 
discussed,  numerous  crystalloid  substances.  The  most  wide-spread 
of  these  are  organic  acids,  halogen  salts,  nitrates  and  phosphates, 
sugars  (saccharose,  glucose,  fructose,  etc.),  heterosides  and  pig¬ 
ments.  Among  the  halogen  salts  we  must  mention  the  presence  of 

iodide  in  a  dissolved  state  in  the  vacuo¬ 
lar  sap  of  numerous  marine  algae  (Rho- 
dophyceae  and  Phaeophyceae) .  Its  local¬ 
ization  in  the  vacuole  may  be  demon¬ 
strated  in  vivo  by  cresyl  blue.  This  pig¬ 
ment  in  the  presence  of  iodized  solu¬ 
tions  forms  red  crystals  (Fig.  113)  ar¬ 
ranged  in  the  shape  of  a  bouquet  (Sau- 
vageau  and  Mangenot).  Among  the 
pigments  may  be  mentioned  the  oxy- 
flavanol  pigments  which  are  very  pale 
yellow  in  color  and  the  anthocyanin  pig¬ 
ments  which  are  red,  violet,  or  blue. 
Both  types  are  extremely  widespread 
in  green  plants.  Anthocyanin  pigments, 
when  found  in  high  concentration  in 
the  vacuole,  may  crystallize  there  in 
the  form  of  needle-shaped  crystals  or 
sphaerocrystals  (Fig.  114).  These  two 
types  of  pigment  show  histochemical 
characteristics  closely  allied  to  tannins 
(darkening  with  ferric  salts,  blackening 
with  osmic  acid).  The  flavins  may  also 
be  cited.  These  are  yellow  pigments 
playing  at  the  same  time  the  role  of 
hydrogen  carriers  and  the  role  of  Vitamin  B*.  We  have  recently 
found  them  in  great  abundance  in  the  vacuoles  of  a  fungus  Ercmo- 
thecium  Ashbyii  where  they  crystallize  in  the  form  of  needles  or 
sphaerocrystals.  The  alkaloids  are  very  wide-spread  in  the  vacuoles 
of  the  phanerogams  and  may  be  recognized  by  testing  with  iodine- 
potassium  iodide  (Bouchardat’s  reaction),  which  precipitates  the 

alkaloids  in  the  vacuoles  as  brown  granules. 

In  bringing  this  inventory  to  a  close,  there  must  be  mentioned 

asparagine  crystals  and  leucine  crystals  <lof"f®;^aPTtcTe Tatter 
in  the  nature  of  crossed  twins  (calcium  oxalate  tnhyd 


Fio.  111.  —  Diagrams  of  barley 
root  vitally  stained  with  neutral 
red  and  centrifuged.  The  chondrio- 
some-shaped  vacuoles  of  the  meri- 
stem,  heavier  than  cytoplasm,  are 
displaced  centrifugally;  those  tak¬ 
ing  in  water  in  the  region  of 
differentiation  are  not  affected; 
those  still  higher  in  the  root,  lighter 
than  cytoplasm,  are  displaced  cen- 
tripetally.  (After  Milovidov). 
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longing  to  the  tetragonal  system ;  sometimes  as  crystal  dust.  The 
crystals  of  calcium  sulphate  are  also  very  frequently  found  ( Clos - 
terium,  Spirogyra) . 


Fig.  112.  —  LUiutn  candidum.  Lipide  concre¬ 
tions  within  the  vacuoles.  A,  in  epidermal  cells 
of  the  bulb;  small  granules  (1)  agglomerate  into 
mulberry-shaped  masses  (2),  these.  B,  in  older 
scales  become  large  bodies  which  are  globular  with 
a  denser  center  (4)  or  of  radiating  crystalline 
structure  (3).  C,  in  drying  outer  scales,  these 
break  up  and  myelin  figures  (5)  appear  which 
finally,  in  dead  cells,  form  masses  of  wound  ud 
threads  (6). 


nf  IrUOlar  f ^  rH;'  It  is  very  difficult  to  obtain  an  exact  idea 

color  of  th10  ^  haS  been  seen  indeed  that  the  change  of 

tM  th/imlloIt  dreSuaf  °nly  a  Very  <luestionable  value.  Then, 
besides  v  Jl  tn  °f^H  d°  n0t  Penetrate  into  the  vacuoles  and  are 
CROZIRR  mA  a  THowever-  evaluations  have  been  attempted  by 
CROzrER,  Haas  and  Irwin,  who  sought  to  extract  the  vacuolar  saD 

3S  VcUon'.a’ which  the  articulations  are  oe- 

£s? h“Tn  arsarsis? 

naturally  may  be  related  to  a  t  C°  wh>ch  the  petals  show 

this  method  infom  uS  as  o  tho  ,PH‘  Jhe  results  obtained  by 

We  have  wi  t  m,  C"°'ar  pH'  tt  scaIes  f™  3.045.0. 

the  vacuolar  pH  but  onlv  onal  t  ™ERET  to  find  a  way  to  evaluate 
P  but  only  qualitatively.  Clark  and  Perkins  have 
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shown  that  neutral  red  reduced  in  an  alkaline  medium  (pH  8.2  for 
example)  gives  a  leucoderivative  which,  by  acidification  of  the 
medium  (pH  5.2  for  example),  is  transformed  into  a  second  deriva¬ 
tive,  yellow  in  color  and  fluorescent,  which  is  distinct  from  the 


Fig.  113.  —  Cells  of  stipe  of 
Laminaria  flexicaulis.  Bouquet 
crystals  formed  by  the  pre¬ 
cipitation  of  iodide  by  cresyl 
blue  in  the  vacuoles.  P, 
phaeoplast.  lo.  fat  globule. 
(After  Mangenot). 


Fig.  114.  —  Epidermal  cells  of  sepals. 
Pigment  in  the  vacuoles,  partly  in 
solution,  partly  crystallized.  1-2  Del¬ 
phinium.  1,  D.  Ajacis;  pigment  blue, 
clusters  of  needle-shaped  crystals.  2, 
hort.  var.  with  dark  blue  flowers;  long, 
entangled  needle-shaped  crystals.  3, 
Verbena  hybrid;  large  sphaerocrystals. 


first  This  latter  is  also  obtained  when  neutral  red  is  reduced  in 
an  acid  medium  Finally,  although  oxidation  of  the  Icucodenva- 
t£e  is  rapid  in  contact  with  air,  that  of  the  fluorescent  form  is 
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pounds  remain  uncolored  with  the  leucoderivative,  and  the  leuco- 
derivative  which  they  have  absorbed  becomes  oxidized  instantane¬ 
ously  in  contact  with  air.  It  may  therefore  be  believed  that  the 
vacuoles  of  wheat  and  Iris  are  acid  whereas  those  of  the  bean  are 
not. 

Vacuolar  rH  has  been  evaluated  by  means  of  vital  stains  (Ma¬ 
tilda  Brooks)  or  by  micro-injection  of  indicators  in  algae  such  as 
Spirogyra.  These  measurements  have  given  an  rH  of  16-18. 


A  B 


Fig.  116.  —  A,  Petiole  of  Begonia;  octahedral  crystals, 
isolated  (lower  cell),  or  twinned  (upper  left),  in  the 
shape  of  a  sea  urchin  (upper  right).  B,  Leaf  of  Aloe 
succotrina;  raphides. 
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Aleurone  grains:  their  formation.  —  Aleurone  grains  are  found 
in  every  seed.  Their  significance  has  been  discussed  for  a  long 
time.  These  grains  are  to  be  found  in  large  numbers  in  all  cells  of 
the  embryo  and  are  especially  voluminous  in  the  cells  of  the  coty¬ 
ledons  or  of  the  endosperm.  In  the  Gramineae  they  are  localized 
in  the  protein  layer  of  the  endosperm. 

Aleurone  grains  vary  in  structure.  In  many  cases  ( Ricinus , 
Cucurbita  Pepo )  they  are  composed  of  an  amorphous  protein  mass 
enclosing  a  crystalloid  of  the  same  nature  and  one  or  several 
spherical  bodies  called  globoids,  formed  of  phytin.  Sometimes 
twinned  crystals  of  calcium  oxalate  are  found  in  the  protein- mass 
or  in  the  globoids.  In  other  cases  the  aleurone  grains  do  not  con¬ 
tain  crystalloids  and  enclose  in  their  protein  mass  only  numerous 
globoids  (Gramineae).  Lastly,  there  are  cases  in  which  the  aleurone 
grains  are  composed  entirely  of  amorphous  protein  (Legumes). 


Two  opinions  have  been 
formulated  as  to  the 
origin  of  aleurone  grains. 
Some  authors  considered 
them  to  be  plastids  in 
which  were  formed  pro¬ 
tein  and  the  globoids. 
Others  contended  that 
they  resulted  from  sol¬ 
idification  of  the  vacu¬ 
oles  during  dehydration 


Fig.  117.  —  Aleurone  grains  in  seeds,  o.  b,  Ricinus; 
one  crystalloid  and  1-2  globoides.  c,  Oenanthc  Phel- 
landrium;  sphaerocrystal  of  calcium  oxalate  in  protein 
ground  substance. 


of  the  seed.  This  latter  opinion  is  now  demonstrated  to  be  true. 

If,  during  the  maturation  of  the  seed,  the  vacuoles  from  any 
part  of  the  embryo  or  endosperm  are  examined  using  vital  stains, 
liquid  vacuoles  are  found  which  are  more  or  less  large,  according 
to  the  type  of  cell  and  its  state  of  development.  These  vacuoles 
contain  protein  substances  in  solution  and  neutral  red  causes  a 
precipitation  of  these  proteins  within  the  vacuoles  as  deeply  stained 
bodies.  In  the  course  of  development  of  the  seed,  the  vacuoles  be¬ 
come  much  richer  in  protein.  In  the  stages  immediately  preceding 
maturation,  i.e.,  at  the  time  when  dehydration  takes  place  in  the 
r»haorvpd  that  the  vacuoles  sometimes  have  a  tendency 
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tion  take  on  the  appearance  of  solid,  spherical,  very  refractive 
bodies.  These  bodies  can,  by  crushing,  be  expelled  from  the  cell 
and  then  will  not  take  up  neutral  red  unless  they  have  been  im¬ 
mersed  in  water  for  a  long  time. 

The  vacuoles  are  thus  transformed  into  bodies  of  protein  nature 
whose  dimensions  are  variable.  They  are  very  small  in  some  cells 
and  very  large  in  others.  They  are  aleurone  grains  and  are  formed 
by  the  solidification  of  the  protein  contained  in  solution  in  the 
vacuole.  As  a  result  of  losing  water,  a  grain  of  protein  has  there¬ 
fore  been  substituted  for  a  vacuole.  It  is  not  astonishing,  then,  to 


Fig.  118.  —  Ricinus.  Endosperm.  1,  young  cell,  starch  (A) 
forms  in  chondriconts.  2,  just  before  maturation;  starch  is 
absorbed,  the  large  vacuole  is  fragmented  into  small  vacuoles  con¬ 
taining  protein  crystals  (C)  and  protein  precipitates  (P).  3,  oil 

globules  ( H )  blackened  by  osmic  acid,  protein  crystals  (P).  4, 

detail  of  (3).  5,  dormant  seed;  A,  aleurone  grain,  G,  globoid. 

6,  during  germination  of  the  seed;  aleurone  grains  (P)  beginning 
to  dissolve.  M  chondriosomes.  1.  2,  5,  6,  Regaud’s  method.  3.  4, 
Meves  method. 


find  along  with  the  protein  in  these  vacuoles,  inclusions  of  phytin 
crys  a  s  of  calcium  oxalate,  products  encountered  in  many 
vacuoles.  Some  aleurone  grains  may  even  contain  oxyflavanol  pig- 

shown  tLtn^°Cyanin-  Invesptl^atlons  of  Speiss  and  Chaze  have 
shown  that  aleurone  grains  of  some  varieties  of  maize  contain  an 

coloSnlnAtwnt  HWti,Ch  giV6S  them  their  characteristic  black 

,  i"S  P‘gTnt  appears  in  the  ^cuoles  which 

later  be  transformed  into  aleurone  grains,  then  remains  nh 

gerrmmaUon  whenetb  °f  ,Whidl  th*  a!eUrone  grain  *  composed.  At 
v  “  wh®"  the  aleurone  grams  are  again  transformed  into 

th5  anthocyamn  pigment  changes  to  red.  Furthermore 

aze  has  found  oxyflavanol  pigments  in  the  yellow  or  white  ker 
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nels  of  other  varieties  of  maize  as  well  as  in  the  seeds  of  other 
grains  (barley,  wheat,  rye,  oats).  Aleurone  grains  stain  deeply 
with  mitochondrial  techniques  which  do  not  at  all  stain  the  liquid 
vacuoles  from  which  they  are  derived,  except  in  periods  preceding 
solidification  when  the  stains  bring  about  flocculation  of  the  col¬ 
loidal  solution,  and  the  formation  in  the  vacuoles  of  precipitates 
stainable  with  iron  haematoxylin. 

At  the  time  of  germination,  when  the  seed  again  takes  up  water, 
the  aleurone  grains  absorb  it  and  become  semi-fluid.  At  this  period 
they  often  show  again  a  tendency  to  elongate  into  filaments  capable 
of  anastomosing  in  d  network. 

At  the  beginning  of  hydration,  the  aleurone  grains  stain  deeply 

and  homogeneously  with  vital  dyes.  Then 
the  filamentous  and  semi-fluid,  reticulate 
vacuoles  derived  from  them  swell  as  water 
continues  to  be  taken  in  and  appear  as 
spherical  liquid  vacuoles  which  by  coales¬ 
cence  gradually  become  transformed  into 
large  vacuoles  in  which  the  vital  dyes  cause 
strongly  colored  precipitates. 

In  sections  prepared  with  mitochondrial 
techniques,  the  forms  which  were  reticulate 
and  filamentous,  at  the  beginning  of  ger¬ 
mination,  show  a  heavily  stained,  compact 
contour  which  is  filamentous,  or  granular, 
and  which  is  surrounded  by  a  clear  zone. 
The  spherical  liquid  vacuoles,  which  succeed 
them,  still  enclose  stained  corpuscles  but 
these  corpuscles  become  less  and  less  abun¬ 
dant,  as  more  and  more  water  is  taken  into 
the  vacuoles  and,  finally,  in  the  large  vacu¬ 
oles,  no  stained  contents  are  found. 
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Fig.  119.  —  Tulip.  Epi¬ 
dermal  cells  of  petals  of  a 
dark  red  variety.  Frag¬ 
mentation  of  large  vacuole, 
containing  anthocyanin,  into 
small,  sometimes  reticulate, 
or  filamentous,  vacuoles 
caused  by  plasmolysis  in  a 
5%  solution  of  NaCl. 


Reversibility  of  form  in  the  vacuolar  sys¬ 
tem.  —  Pierre  Dangeard’s  investigations, 
and  our  own,  describing  this  development 
show,  therefore,  that  there  exists  a  certain  reversibility  between 
the  two  vacuolar  forms.  It  has  previously  been  shown  that  vacuoles 
ordinarily  appear  under  very  different  aspects  according  to  the  age 

of  the  cells ! 

1.  As  numerous,  minute,  semi-fluid  vacuoles  which  have  more 

or  less  the  shape  of  the  chondriosomes.  ,  0 

2.  As  a  small  number  of  large,  spherical,  liquid  vacuoles, 

always  containing  colloidal  substances,  but  in  very  dilute  solutions, 
i.e.,  vacuoles  corresponding  to  the  classical  definition  ofvacuoles 
and  capable  of  fusing  into  a  single  enormous  element  The  first  of 
these  is  found  in  embryonic  cells,  the  second  in  mature  c®"s- 
the  cells  are  greatly  dehydrated,  the  spherical  liquid  vacuoles  may 

lose  their  water,  become  concentrated,  and  aSa*n  °°m‘. 

semi-fluid  consistency  and  look  like  chondriosomes.  A  more  com 
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plete  dehydration  leads  finally  to  the  transformation  of  these  semi¬ 
fluid  vacuoles  into  solid  bodies  (aleurone  grains)  by  a  solidification 
of  their  colloids.  The  aleurone  grains,  by  taking  up  water  anew, 
are  capable  of  again  assuming  the  semi-fluid  consistency  and  ap¬ 
pearance  of  chondriosomes  and,  by  a  continuance  of  this  process, 
may  finally  become  liquid  vacuoles. 

The  filamentous  appearance  of  the  vacuoles  seems  to  be  the 
result  of  their  semi-fluid  state,  for  in  the  semi-fluid  state,  the 
vacuoles  are  generally  filamentous  or  reticulate  and  stain  uniformly 
and  deeply  with  vital  dyes.  In  the  liquid  state,  the  vacuoles  are 
generally  spherical  and  are  stained  only  weakly  with  the  vital  dyes, 
which  bring  about  a  precipitation  of  the  enclosed  colloids  as  deeply 
stained  granulations  showing  Brownian  movement.  The  vacuoles 
are  then  composed  of  drops  of  a  very  dilute  colloidal  solution.  In 


Fig.  120.  —  Saprolegnia.  Modifications  in  form  of  vacu¬ 
olar  system  in  a  single  branch,  cultivated  on  1%  peptone 
bouiHon  with  0.001%  neutral  red,  in  a  van  Tieghem  and 
Le  Monnier  cell.  1-6,  spherical  vacuoles  fuse  to  form  a 

woXVaT  S,,Chihen’  7'  8‘  is  transformed  into  a  net- 
work  (After  Mile.  Cassaigne). 


thef  appear  as  globular  bodies,  which  do  not  stain 
with  vital  dyes  unless  imbibition  has  previously  taken  place  but 
on  the  contrary,  always  stain  after  fixation.  The  vacuoles  there 

waterZten?  o/^ceU6  t0  **  ^  dependin*  upon  the 

reversibility  has  been  obtained  experimentally  further 

«•  *Tp"i  m?1  i"  a*  «*"*•<«"- 

ml  Now  t  r  a  “trated  solution  of  red  anthocyanin  mg! 

hypertont’soEmwey: W*h  a 

lose  water,  may  break  un  T!t!  ^  that  these  vacuoles,  as  they 
fluid  and  appear  granular  m  f  VaCU°'eS  which  become  scmi- 
suits  have  been  obtained  in  thTe^  iand  reticulate-  Similar  «- 
and  in  the  epidermal  scales  of 
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If  one  observes  more  closely  the  changes  in  appearance  of  the 
vacuoles  brought  about  by  hydration  and  fusion  of  small  vacuoles 
into  one  large  one,  and,  inversely,  if  one  observes  the  fragmentation 
into  very  numerous,  small,  semi-fluid,  filamentous  or  reticulate  vacu- 
°^es — ;a  sort  of  splitting  up  of  the  large  vacuoles — one  is  led  to  admit 
that  in  these  phenomena  the  vacuoles  play  only  a  passive  role. 
Their  contraction  and  division  are  brought  about  by  the  degree  of 
water  taken  into  the  cytoplasm  which  causes  movements  of  the 
latter,  the  consequences  being  felt  by  the  vacuoles.  The  cytoplasm, 
under  some  influences,  may  extract  a  part  of  the  water  contained 
in  the  vacuole  and  may  swell.  This  swelling  is  therefore  produced 
by  movements  of  the  cytoplasm,  particularly  by  emission  into  the 
vacuoles  of  lamellate  prolongations  which  finally  partition  off  the 
vacuole  into  multiple  vacuoles.  These,  in  losing  their  water,  be¬ 
come  very  viscous  and  look  like  chondriosomes.  In  the  reverse 
process,  the  cytoplasm  is  capable  of  restoring  to  the  vacuoles  a 
part  of  their  water  of  imbibition,  bringing  about  a  hydration  and 
increase  in  volume  of  the  latter.  These  then  fuse  into  a  single 
large  vacuole.  It  is  phenomena  of  this  type  which  must  take  place 
at  the  beginning  of  the  maturation  of  the  seed  and  which  must 
take  place  during  the  process  of  plasmolysis ;  some  of  the  water 
from  the  vacuole  passes  into  the  cytoplasm  and  must  cause  a  swell¬ 
ing,  to  which  may  be  attributed  the  fragmentation  of  the  vacuoles, 
and  it  is  not  until  later  that  the  cytoplasm  in  turn  gives  up  its 
water  to  the  exterior.  In  germination,  the  contrary  phenomena 
must  take  place.  The  vacuole  absorbs  the  water  at  first  accumu¬ 
lated  in  the  cytoplasm,  and,  as  the  latter  continues  to  dehydrate, 
the  vacuoles  progressively  swell  and  again  fuse  to  form  a  very 
large  vacuole.  This  view  of  the  matter  seems,  moreover,  to  be 
confirmed  by  the  fact  that  the  viscosity  of  the  cytoplasm  increases 
as  the  plant  grows  old,  correlative  with  the  development  of  the 
vacuole  which  ends  by  occupying  almost  the  entire  cell. 

This  reversibility  of  vacuolar  form  is  to  be  compared  with  a 
remarkable  phenomenon  in  the  tentacles  of  the  leaves  of  Drosera 
rotundifolia,  described  long  ago  by  Charles  Darwin,  and  desig¬ 
nated  by  him  as  aggregation.  While  studying  the  modifications 
which  occur  in  the  pedicel  of  the  tentacles  as  a  result  of  the  stimulus 
produced  by  an  insect,  Darwin  saw  in  each  cell  that  the  cytoplasm 
which  was  colored  red  by  pigment  before  stimulation  broke  up 
before  long  into  an  aggregate  of  deeply  stained  corpusc  es. 
ino-  as  Granules  clubs,  rods  or  filaments  showing  amoeboid  move 
ments  The  study  of  this  phenomenon,  taken  up  by  various  authors 
Gardiner,  de  Vries,  Goebel,  and  Akerman)  has -shown  tha  in 

great  fragmentation.  It  splits  into  a  la  g  stimuiation,  these 

driosome-shaped  vacuoles.  m  „  sjngle  large  vacuole — 

minute  vacuoles  fuse  to  constitute  again  a  single 
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the  cell  returns  to  its  initial  state.  This  is  therefore  a  phenomenon 
entirely  comparable  to  that  observed  during  the  formation  of  aleu- 
rone  grains  and  during  the  process  of  plasmolysis. 

akerman's  work  has  shown  that  this  phenomenon  consists  of 
a  modification  in  volume  of  the  vacuoles  as  a  consequence  of  a 
great  deal  of  water  being  taken  in  by  the  cytoplasm.  The  result 
is  a  fragmentation  of  the  vacuole,  caused  by  swelling  of  the  cyto¬ 
plasm,  and  at  the  same  time  an  increase  in  osmotic  pressure.  This 
pressure  increases  by  5  atmospheres.  Centrifuging  revealed,  as 
has  been  seen,  that,  in  the  stimulated  cell,  the  vacuoles  are  more 
dense  than  the  cytoplasm  and,  conversely,  in  the  unstimulated  cell, 
the  cytoplasm  is  more  dense  than  the  vacuole. 

The  study  of  these  phenomena  has  been  taken  up  recently  by 
Dufrenoy,  Homes,  and  Kedrowsky  working  on  Drosera,  by  Quin- 


121;  “  Vrosera  rotundifolia.  Glandular  cells  in  the  tentacles. 
Vacuolar  system  made  visible  by  red  pigment  in  cells,  may  change  from 

de  vVe!  8X  aftef  HoMt.  fi'amentOUS  "  retiCUlate  VaCU°les-  A’  after 


TANIEHA  and  Mangenot  in  Drosophyllum  lusitanicum.  These  in- 

nwf1tl0nSifhT  ^hat  is  necessary  to  differentiate  two  sorts  of 
p  ysiologi^lly  distmct  cells  in  the  tentacles  of  Drosophyllum  and 
o  Drosera.  First,  there  are  those  which,  covering  the  upper  sur- 

visceouIltoeuidwh^hS’fare  se"et0ry'  They  excrete  the  complex  and 
JIne  ^  v!  Q  h  h  forms  a  dr°P  at  the  tip  of  each  tentacle.  These 
cells,  when  they  are  not  going  through  a  nprinH  n-f  riirroofi 

•zrsk 

i  K&  MITT 

becomes  very  finely  divided  into  1?eStl0n’ thls  enormous  vacuole 
or  filamentous  elements  colored  Sma11,  £lobular 

“>•  Th»  S; 
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the  longitudinal  axis,  while  the  small  vacuoles  are  accumulated 
against  the  proximal  wall  of  the  cell  (Mangenot). 

This  polarity  of  arrangement,  which  becomes  more  marked  as 
digestion  becomes  more  active,  clearly  indicates  that  these  cells 
are  traversed  by  a  continuous  flow  of  material  caused  by  protein 
digestion  (proteolesis)  at  the  level  of  the  extremities  of  the 

tentacles.  Thus,  the  “aggregated”  state 
of  the  vacuoles,  i.e.,  their  irregular  dis¬ 
position,  seems  to  correspond  to  differ¬ 
ing  physiological  conditions — to  a  secre¬ 
tion  in  the  cells  which  cover  the  ex¬ 
tremity  of  the  tentacle,  to  an  absorp¬ 
tion  in  the  cells  of  the  stalk — but  both 
these  processes  indicate  the  passage  of 
a  current  across  the  cells.  This  same 
arrangement  of  vacuoles  is  found  in 
young  sieve  tubes  in  the  angiosperms  in 
which  the  fragmented  and  polarized 
vacuoles  are  very  polymorphic.  In  these 
cells,  large  vacuoles  and  small  filamen¬ 
tous  or  reticulate  vacuoles  are  found. 
They  are  also  found  in  the  conducting 
elements  of  the  Laminariales  and  the 
Rhodophyceae  (Mangenot)  (Fig.  123). 

Recent  work  seems  to  suggest  that 
the  vacuoles  undergo  a  similar  frag¬ 
mentation  each  time  that  the  cells  are 
in  the  process  of  active  secretion  (Man¬ 
genot,  Mile.  Py,  Thomas,  Guillier¬ 
mond).  The  reason  for  this  is  not  yet 
known. 

Another  phenomenon  to  consider 
here  is  that  of  the  frequent  changes  in 
form  of  vacuoles  in  many  cells.  The 
observation  of  a  species  of  Saprolegnia 
in  van  Tieghem  and  Le  Monnier  cells, 
grown  in  a  nutrient  solution  to  which 
neutral  red  has  been  added,  made  it 
possible  to  record  this  phenomenon 
under  excellent  conditions  (Fig.  120). 
In  the  extremities  of  growing  filaments 
the  vacuoles  generally  appear  as  very 
small  elements  shaped  as  granules,  rods  or  filaments  J^e  ele- 
ments  are  carried  along  by  cytoplasmic  currants  jhrch  cause  th 
to  change  shape  constantly.  They  are  capable  of  swelling  and  of 
contracting,  of  passing  from  the  shape  of  g£«totoflu rtof  ffla 

frequently  seerTtiTfuse  and  forTrather large  spherical  vacuoles 

may  b'e^cmnpl^tely  spHt  multitude”  f'smalTelements0  which 
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FlQ.  122.  —  Droaophyllum 
luaitanicum.  Epidermal  cells 
of  the  pedicel  of  a  tentacle. 
Vacuoles  In  grey,  arrows  in¬ 
dicate  the  direction  of  the 
head  of  the  gland.  A.  during 
digestion  of  protein.  B.  dur¬ 
ing  inactive  period.  C,  tip 
of  leaf  with  tentacles;  one 
gland  showing  pedicel,  head 
and  drop  of  secretion.  (Af¬ 
ter  Mangenot). 
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then  elongate  and  anastomose  to  form  a  network.  So  the  trans¬ 
formation  from  large  vacuoles  to  a  network  and  the  converse 
transformation  are  here  again  observed.  It  is  only  a  little  farther 
away  from  the  tip  of  the  filament  that  all  the  vacuoles  fuse  to  form 
a  vacuolar  canal  (Mile.  Cassaigne). 

A  prolonged  observation  of  growing  yeast  without  the  aid  of 
vital  stains  makes  it  possible  to  see  that 
the  large  vacuoles,  which  appear  rather 
stable,  in  these  fungi  are  themselves 
subject  to  changes  in  shape.  After  a 
period  of  stability  their  contours  may 
suddenly  become  irregular,  angular, 
may  vary  continually,  contracting  and 
dilating  and  finally  come  back  to  a  tem¬ 
porarily  stable  form.  Often  they  are 
seen  suddenly  to  put  out  long  and  thin 
prolongations,  which  later  contract  as 
the  vacuole  returns  to  its  spherical 
shape. 

Ultramicroscopic  observation  of  the 
vacuoles  of  fungi  (in  cases  where  it  is 
possible  because  of  the  faintly  luminous 
outlines  of  these  elements)  has  shown 
also  that  their  contours  often  manifest 
slowly  undulating  movements.  These 
phenomena  seem  to  be  caused  here  not 
only,  (1)  by  differences  of  imbibition 
between  the  cytoplasm  and  the  col¬ 
loidal  contents  of  the  vacuoles  and  (2)  I  « 

by  movements  of  the  cytoplasm,  but 
also  by  modifications  of  surface  tension  I 

fEi 
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Fig.  123.  —  a.  Alaria  escu- 
lenta  ( Laminariales) ,  b.  Bon¬ 
ne  maisonia  asparagoides  (Rho- 
dophyceae).  Globular  vacuoles 
at  one  end  of  cell;  plasmodes- 
mic  threads  connect  the  cells  In 
the  conducting  tissue.  (After 
Mangenot). 


The  phenomenon  of  vacuolar  con¬ 
traction:-  In  addition  to  these  phenom- 
ena  of  vacuolar  fragmentation,  there 
must  be  cited  here  another  phenomenon 

0tJ?Ult,e  a  different  nature,  namely,  a 
particular  state  of  the  vacuoles  which 
was  first  observed  by  Weber.  In  the 

sap  of  cells  Ts  aTelly,  ^  VaCU°lar 

nomenPo0nnthasOUbeen’  observed'  fn  flowed  ^spht 

containing  from  1%.0.1%  of  neutmT  In  m^rated  wi<*  solutions 
a  contraction  of  the  colloidal  contents  of  ^ere  ls  then  produced 

srsa; ssu iS?  *  -  ss-  as  st 

" »  •  ■»«'*■». .  —  ti,,„  it 
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traction  of  a  gel  when  liquid  is  expelled.  The  phenomenon  pre¬ 
supposes  the  existence  in  the  vacuole,  around  the  contracted  jelly, 
of  a  liquid  phase  (serum)  produced  at  the  moment  of  contraction. 

This  phenomenon  of  vacuolar  contraction  seems  to  be  very  gen¬ 
eral  indeed.  There  is  frequently  encountered,  in  the  epidermal  cells 
of  flowers,  a  colorless  space  enclosing  a  contracted  intravacuolar 
mass  and  surrounded  at  the  periphery  of  the  cell  by  a  thin  cyto¬ 
plasmic  layer.  Neutral  red  may  be  superimposed  upon  the  natural 
color  of  the  vacuolar  sap,  when  it  is  rich  in  anthocyanin  compounds, 
and  will  stain  the  contracted  vacuolar  mass  intensely.  Careful  ob¬ 
servation  of  the  colorless  space  reveals  that  it  is  not  empty.  It  is 
occupied  by  a  fluid.  Plasmolysis  of  this  modified  vacuole,  moreover, 

is  quite  possible  and  water  is  lost  from  the 
peripheral  colorless  fluid,  which  appears  at 
first  very  poor  in  dissolved  material.  Little 
by  little,  over  a  period  of  from  24-48  hours, 
however,  the  fluid  reddens.  The  reddening 
never  reaches  the  intensity  of  that  of  the 
contracted  mass.  It  is  evidence,  however, 
of  a  slow  penetration  of  colloidal  material 
into  the  peripheral  liquid.  Then  a  second 
contraction  is  frequently  produced  at  this 
time.  The  fluid  separates  into  a  new  color¬ 
less  peripheral  serum,  and  into  a  deeper  red 
region,  contracted  about  the  mass  originally 
isolated. 

Weber  thinks  that  the  same  phenom¬ 
enon  may  explain  the  presence  in  many 
phanerogam  cells  of  two  categories  of 
vacuoles  which  are  adjacent  in  the  cell,  the 
one  liquid  and  lacking  in  tannin,  the  other 
formed  of  a  tannin  jelly.  These  will  be 
taken  up  later.  Weber  underlines  also  the 
potential  importance  of  this  phenomenon  in 
the  realization  of  rapid  changes  in  the 


Fig.  124.  —  A,  B.  Sae- 
eharomyees  ellipsoideus  vi¬ 
tally  stained  with  neutral 
red,  vacuoles  in  buds  seem 
to  form  de  novo .  C,  D, 
Oidium  lactis.  vacuoles  in 
branches  seem  to  form  de 
novo. 


turgidity  of  cells,  perhaps  in  the  mechanism  of  certain  organ  move¬ 
ments  He  points  out  in  this  regard  that  the  motor  swellings  o 
leaves  of  the  Leguminosae  (Mimosa),  as  Mangenot  has  shown 
have  vacuoles  containing  a  tannin  jelly,  side  by -  side i  with  s 
vacuoles  which  do  not  contain  colloidal  substance.  Weber 
pared  this  vacuolar  contraction  to  the  natura1  production  of  large 

resis  for  [t  consist  only  in  the  partial  precipitation  of  the  vacuolar 
cXd  It  seems,  on  the  contrary,  to  correspond  as  we  have  sa.d, 
to  the  formation  of  a  coacervate  within  the  vacuolar  sap. 


Origin  of  vacuoles:-  P  A.  DaNCEARD 
To  theT^'  oTde’ rJsUwENT  and  to  admit  that  the  vacuoles 
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are  never  formed  de  novo,  but  always  arise  by  the  division  of  pre¬ 
existing  vacuoles,  and  are  transmitted  by  division  from  cell  to  cell. 
But  the  Dangeards  believe  that  it  is  not  the  vacuole  itself,  that  is 
transmitted,  but  the  metachromatin,  which  they  consider  to  be  the 
universal  substance  of  their  vacuome.  According  to  them,  this 
metachromatin  persists  in  a  solid  state  after  the  disappearance  of 
the  vacuole  in  the  seed,  as  well  as  in  the  spores  of  fungi,  and  re¬ 
forms  vacuoles  anew  at  germination  by  taking  in  water  again. 
This  theory  is  difficult  to  admit  in  view  of  the  fact  that  we  know 
that  there  is  no  single  chemical  substance  which  is  characteristic 


of  vacuoles. 

Actually,  it  is  extremely  difficult  to  study  the  origin  of  vacuoles 
in  the  phanerogams  because  of  the  great  number,  and  the  small 
size,  of  these  elements  in  embryonic  cells.  It  is  known,  moreover, 
from  what  has  just  been  said  that  vacuoles  exist  in  all  cells  and 
that  they  are  capable  of  dividing  and  of  fragmenting.  It  has  been 
observed  besides  that  during  mitosis  the  vacuoles  are  distributed 
between  two  daughter  cells.  It  is  for  this  reason  that  Bailey  and 
Zirkle,  without  committing  themselves  on  this  subject,  say  that 
they  have  never  seen  vacuoles  form  de  novo  and  that  nothing 
proves  that  this  phenomenon  is  possible.  But  neither  the  fact  of 
the  distribution  of  the  vacuoles  between  the  daughter  cells  during 
mitosis,  nor  that  of  their  persistence  in  the  aleurone  grains  of  the 
seed  and  their  transmission  to  the  embryo,  proves  that  the  vacuoles 
can  not  rise  de  novo.  Moreover,  we  can  scarcely  permit  ourselves 
to  consider  them  as  individualities  of  the  cell,  incapable  of  forming 
de  novo,  when  through  their  extreme  instability  of  form,  they  may 

in  the  space  of  a  few  minutes  be  split  up  into  very  minute  elements 
capable  soon  of  fusing  again. 

Some  fungi  are  more  favorable  for  the  study  of  the  origin  of 
the  vacuoles  than  are  the  phanerogams.  In  the  mycelium  of  Peni- 
cilhum  glaucum  (  Fig.  101)  or  of  Oidium  lactis,  for  example  lateral 
branches  may  be  observed  to  form  from  foments  already  con- 

haventhim8s JailU0!eh  “  theSe  branches-  which  at  first  do  not 

wm  T  '  globular  vacuoles  are  seen  to  appear  which  can 

.  .  if  +i?Vei,any  ,re  at’on  to  the  large  vacuole  of  the  filament  from 
yeasts  L  whisht  ariSeS'  Thi,?  iS  a,S0  true  of  the  “f  th™ 

ffomtel  fr°m  th,6  ofthemoftercefi0  We  concluded 

can  caus“aDtionSs  of 'th^v’acuol  that  Vital  stains 

ate  fragmentation  when  the  p™  of  ^  immedi‘ 

that  vital  dyes  stop  the  multinlWirv  s  of  dlYldm£-  is  certain 
ticularly  in  the  fungi  DAN^PAPn  n  °-^  Ce  s  ln  cei*i'ain  cases,  par- 

formation  of  vacuofes  in  yeafts  and^n"  fo°ll k  UP  ^  Study  of  the 
these  fungi  in  a  moist  ohamw  "n  followmg  the  budding  of 

the  large  vacuole  of  the  mother  cell  alw/'^*  s.tammg’  showed  that 

longation  into  the  bud.  The  extremitv  °ut  a  de,icate  pro- 

rne  extremity  of  this  prolongation  is  cut 
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off  and  forms  the  small  vacuole  of  the  daughter  cell.  Dangeard 
has  sought  more  recently  to  demonstrate,  but  this  time  with  vital 
dyes,  that  the  vacuoles  of  algal  zoospores  are  always  transmitted 
by  means  of  the  filament  put  out  at  germination. 

In  Saprolegnia,  growing  on  media  to  which  neutral  red  has 
been  added  and  observed  in  van  Tieghem  and  Le  Monnier  cells, 
we  have  shown,  however,  that  the  vacuoles  which  in  the  zoospores 
appear  as  small  granules,  fuse  at  the  moment  of  germination  to 
constitute  a  single  large  vacuole  and  then,  in  the  germination  tube, 
small  globular  vacuoles  appear  which  do  not  seem  to  be  derived 
from  the  large  vacuole  of  the  zoospore.  Now',  if  the  objection  of 
Pierre  Dangeard  is  sound  in  regard  to  vital  staining  of  the 
ordinary  fungi  which,  when  carried  out  between  slide  and  cover 


Fig.  125  (left).  —  Saprolegnia.  Germination  of  zoospores  in  a  van  Tieghem 
and  Le  Monnier  cell  on  1%  peptone  bouillon  with  0.001%  neutral  red.  1.  2. 
zoospore.  3-20,  germination  tube.  The  large  vacuole  extends  into  the  germina¬ 
tion  tube  and  may  fuse  (15)  with  small  vacuoles  which  form  at  the  tip.  (After 
Mile.  Cassaigne). 


Fig.  126  (right).  - 
vacuoles  during  budding 
cell  without  vital  dyes, 
mentation  and  fusion, 
vacuole  of  mother  cell, 
formed  by  a  kind  of 
Cassaigne). 


—  Saccharomyces  pastorianus.  Types  of  formation  of 
of  the  yeast  grown  in  a  van  Tieghem  and  Le  Monnier 

A,  1-8.  Observation  during  1  hr.  1-5,  successive  frag- 
6,  7,  prolongation  sent  into  bud.  8,  separation  from 

B,  vacuole  of  bud  formed  de  novo.  C,  vacuole  of  bud 
budding  from  vacuole  of  mother  cell.  (After  Mile. 


glass  do  not  grow  as  long  as  they  keep  the  neutral  red  accumulated 
in  their  vacuoles,  this  objection  is  evidently  not  sound  in  the  case 
of  Saprolegnia,  which  can  be  grown  on  media  to  which  neutral 
red  has  been  added.  Mile.  Cassaigne  repeated  this  study  and  ob¬ 
served  the  development  of  vacuoles,  both  in  the  germination  tube 
and  in  the  growing  filaments.  She  was  able  to  see  small  vacu¬ 
oles  form  de  novo  which  later  refused  to  constitute  a  single  arge 
vacuole  or  elongated  into  filaments  and  anastomosed  into  a  net¬ 
work.  Nevertheless,  since  the  conditions  of  observati ion  were  ad¬ 
mittedly  abnormal  because  of  the  presence  of  neutral  red, 
Cassaigne  repeated  the  work  of  P.  Dangeard  on  the  yeasts  in 
which  she  followed  budding  without  vital  staining.  Now,  she  ob- 

sa  .^rssr-rsiws  sss  szz 

vacuoles  form  de  novo.  In  consequence  of  our  resea  , 
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proposed  an  hypothesis  to  explain  the  formation  of  vacuoles.  This 
hypothesis  is  based,  on  the  one  hand,  on  the  fact  that  colloidal  sub¬ 
stances  contained  in  the  vacuoles  are  of  very  diverse  constitutions, 
and,  on  the  other  hand,  on  the  fact  that  the  cytoplasm  is  constantly 
the  locus  of  secretory  phenomena  (production  of  reserve  or  of 
waste  products).  The  hypothesis  assumes  that  among  these  prod¬ 
ucts,  those  which  are  in  a  colloidal  state  separate  by  an  unknown 
physical-chemical  mechanism  from  the  cytoplasm  in  the  form  of 
colloids  non-miscible  with  the  cytoplasmic  colloids  and  composing 
a  distinct  phase  of  the  latter.  They  appear  in  the  form  of  small 
elements.  These,  by  virtue  of  their  semi-fluid  consistency  and  of 
their  physical  state,  which  is  rather  like  that  of  the  chondriosomes, 
are  subject  to  the  same  laws  which  determine  the  shape  of  the 
chondriosomes.  This  explains  the  resemblance  in  form  of  these 
two  elements.  According  to  our  hypothesis,  these  colloids  possess 
a  capacity  for  taking  up  water  which  is  stronger  than  that  of 
the  cytoplasm,  and  when  the  cytoplasm  has  reached  its  maximum 
point  of  imbibition,  the  excess  water  is  absorbed  within  these  ele¬ 
ments  which  are  gradually  transformed  into  a  true  solution  and 
constitute  the  vacuoles.  In  these  vacuoles  during  the  different 
stages  of  their  development,  there  may  accumulate  by  absorption, 
according  to  this  theory,  all  the  products  secreted  by  the  cytoplasm 
which  are  capable  of  forming  solutions  or  pseudosolutions  within 
the  vacuoles.  This  hypothesis,  which  resembles  that  of  Pfeffer, 
would  apply  at  least  to  a  great  number  of  cases  but  probably  not 
to  all. 


The  presence  in  some  cells  of  several  distinct  categories  of 
vacuoles:-  Recent  research  by  Mangenot  has  drawn  attention  to 
the  existence  of  two  distinct  categories  of  vacuoles  which  are  ob¬ 
served  in  the  mature  cells  of  numerous  plants.  They  were  glimpsed 
and  very  briefly  cited  some  time  ago  by  Went,  Klercker  and 
Lloyd.  Vacuoles  which  are  rich  in  tannin,  and  very  refractive,  and 
which  reduce  osmic  acid  instantly,  are  often  observed  in  the  same 
cell  side  by  side  with,  but  in  reality  distinct  from,  other  vacuoles 
which  do  not  contain  tannin,  are  very  slightly  refractive  and  show 
no  reaction  with  osmic  acid.  The  respective  dimensions  of  each 
are  sometimes  the  same,  or  again  the  tannin-containing  vacuoles 
may  be  much  more  voluminous  than  the  others,  or  conversely,  may 

^nnipier’  Z  Wh/h  c?,se  they  may  appear  as  laments  or  small 
g  anules  scattered  in  the  cytoplasm  around  the  vacuoles.  Vital 

dyes  apparently  stain  these  two  categories  differently.  Cresyl  blue 

*""*“£*  stains  the  vacuoles  containing  tannin,  blue  or  green’ 
and  the  other  vacuoles,  violet  or  rose.  Cells  with  tannin-contfining 
vacuoles  are  very  widespread  in  plants  (Legumes  Mimosa  Rpv- 
eris,  E-uoalyptiis,  Oxalis,  Monotropa,  Hypopitys).’ 

These  two  categories  of  vacuoles,  the  one  acid  and  rirh  ir>  for. 
nms,  the  other  without  tannins  and  seeming  to  have  a  hicrh  -nTT* 
Bailey  has  found  in  the  cambial  cells  of  gymnosperms  and  ^bore^ 
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cent  angiosperms  and  Milovidov  pointed  out  their  existence  in  epi¬ 
dermal  cells  of  rose  leaflets. 

More  recent  research  has  made  it  possible  to  show  the  rather 
frequent  presence  of  specialized  vacuoles  in  epidermal  cells  of 


Fio.  127.  —  1-7.  Fruit  of  Rubua  fruticoaua.  Two  types  of 
vacuoles.  1-4.  exocarp.  1.  young  green  fruit;  large  and 
small  colorless  vacuoles  (V.v).  2,  ripening  fruit:  large 

vacuole  with  raspberry-red  anthocyanin  pigment  and  small 
colorless  vacuoles.  3.  ripe  fruit;  three  vacuoles  with  red 
pigment,  numerous  small  vacuoles  either  with  colloidal  bodies 
( g )  or  needle-shaped  crystals  (e),  both  colored  violet  by 
anthocyanin.  4.  ripe  fruit;  one  large  vacuole  with  red  pig- 
ment.  smaller  vacuoles  with  crystals  of  dark  violet  pigment, 
isolated  or  in  bundles:  6.  mesocarp.  ripening  fruit;  large 
vacuole  (V),  with  dilute  solution  of  raspberry-red  pigment, 
numerous  small  vacuoles  <t>).  with  brick-red  pigment  and 
raspberry-red  colloidal  granules.  6.  7.  mesocarp.  ripe 

fruit;  small  vacuoles  with  one  or  more  violet  eollouUI 
sometimes  also  with  needle-shaped  crystals  o 

or  in  groups,  sometimes  with  the  crystals  only.  B  Wutona 
sinensis.  epidermis  of  petal;  large  central  vacuole  V).  w  th 
red- violet  pigment  and  small  peripheral  vacuoles  < *) .  with 
a  concentrated  solution  of  blue-violet  pigment  and  crystalline 
needles* of  dark  blue  pigment.  9.  Hibiacua  ayrxacua;  epidermis 
!f  oeU  1  large  central  vacuole  (V).  with  red  pigment  and 

StTw!1  5— 

(in  vivo). 

1  eaves,  fruits,  and  flowers  which  contain  ^^f"^fenthe 
One  of  the  most  curious  by  Went,  in  which 
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cyanin  pigment.  The  small  peripheral  vacuoles  lack  tannin  and 
contain  a  very  concentrated  solution  of  bluish  violet  anthocyanin 
pigment  which  is  capable  of  partially  or  totally  crystalizing  into 
long  needle-shaped,  dark  blue  crystals.  Another  no  less  interesting 
example  is  seen  in  the  exocarp  and  mesocarp  of  the  fruit  of  Rubus 
fructicosus,  in  which  all  cells  likewise  possess  two  sorts  of  vacu¬ 
oles,  the  one  large,  solitary  and  centrally  placed  containing,  at  the 
same  time,  tannin  and  a  cherry-red  pigment;  the  other,  small, 
spherical,  extremely  numerous,  and  scattered  in  the  parietal  layer 
of  the  cytoplasm.  These  latter  are  without  tannin  and  form  at 
first  a  brick-red  pigment,  but  when  the  fruit  is  mature,  there 
appear  in  each  of  these  vacuoles,  large  colloidal  bodies,  dark 
violet  in  color,  which  show  concentric  zones.  These  are  the  result 
of  the  precipitation  of  the  colloidal  content  of  the  vacuoles  which 
has  absorbed  the  pigment  contained  in  the  vacuoles.  At  maturity 
the  vacuolar  sap  changes  from  brick-red  to  pale  violet,  then  to 
white,  whereas  blackish,  violet-blue  crystals  shaped  like  needles, 
or  sphaerocrystals,  are  deposited  in  the  interior  of  the  vacuole 
between  the  colloidal  bodies.  In  certain  parts  of  the  epidermis  of 
the  petals  of  Hibiscus  syriacus  also,  there  are  found  in  each  cell 
a  large  central  vacuole,  enclosing  tannin  as  well  as  a  raspberry-red 
anthocyanin  pigment,  and  small  peripheral  vacuoles  enclosing  a 
mauve  pigment. 

In  all  the  cases  which  we  have  just  examined,  the  two  categories 
of  vacuoles  contain  colloidal  substances  and  have  the  property  of 
accumulating  vital  dyes,  but  this  is  not,  however,  universal.  In  a 
very  great  number  of  cases  (in  the  epidermis  of  leaves,  stem  and 
petals  of  roses,  in  the  petals  of  Lathyrus  odoratus,  Prunus  japon- 
ica,  Camellia  japonica,  Tropaeolum  majus,  in  leaves  of  Canna  in- 
dica,  etc.),  there  are  found  together  constantly,  in  each  cell,  two 
categories  of  vacuoles:  a  large  central  vacuole  containing  tannins 
or  other  colloidal  substances  as  well  as  an  anthocyanin  pigment, 
and  small  colorless  vacuoles  seemingly  without  any  colloidal  sub¬ 
stances.  Those  of  the  second  category  sometimes  contain  very 
minute  crystals  showing  Brownian  movement.  In  the  elongated 
cells  of  the  inner  portion  of  the  fleshy  pericarp  of  the  fig  there  are 
two  categories  of  vacuoles  of  very  curious  appearance,  each  vary- 
mg  both  in  number  and  dimension  in  the  cell.  One  type  contains 
violet-red  anthocyanin  pigment  together  with  colloidal  substances 
and  is  very  variable  in  shape,  the  larger  among  these  having  irreg¬ 
ular  contours  which  give  them  an  angular  appearance,  the  smaller 
ones  being  chondriosome-shaped  elements.  The  other  type  is  color- 
less,  lacking  in  colloidal  substance  and  all  of  them,  no  matter  what 
their  dimensions,  appear  perfectly  spherical.  In  this  case,  the  vacu¬ 
oles  which  do  not  contain  tannins  or  other  colloidal  substances  never 
stain,  which  seems  therefore  to  add  further  proof  that  vital  stain- 
mg  of  the  vacuole  is  due  exclusively  to  the  presence  in  them  of 
colloidal  substances.  The  case  of  the  pericarp  of  the  fig  is  ^ar- 
ticularly  interesting  because  it  shows  us  that  the  shane  of  tVm 
vacuoles,  whether  irregular  or  like  that  of  the  chondriosomes,  seems 
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to  be  attributable  to  the  viscosity  of  their  contents,  since  the  co¬ 
existing  vacuoles  without  colloidal  substances  are  always  spherical. 

In  all  cases  in  which  the  cells  contain  two  categories  of  vacu¬ 
oles,  these  vacuoles  become  distinct  very  early  and  it  is  very  diffi¬ 
cult  to  determine  their  origin.  It  would  seem,  however,  that  the 
vacuoles  lacking  in  colloidal  substances  arise  by  exudation  from 
vacuoles  rich  in  colloids,  for,  by  plasmolysis,  it  is  possible 
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cases  to  obtain  experimentally  the  formation  of  similar  small 

oles  in  cells  which  do  not  contain  any. 

It  would  be  natural,  therefore,  along 
with  Weber  and  Kuster,  to  relate  this 
phenomenon  to  vacuolar  contraction  and 
to  attribute  it  to  a  syneresis  assuming  that 
the  vacuoles  not  staining  with  vital  dyes 
are  totally  lacking  in  colloidal  substances. 
But  we  have  seen  that  this  is  not  always 
so  and  in  the  fruit  of  the  blackberry  there 
exist  two  categories  of  vacuoles  both  of 
which  contain  colloidal  substances.  In 
this  case  it  might  be  supposed  that  these 
two  categories  of  vacuoles,  which  seem  to 
correspond  to  small  accumulation  and 
transportation  centers  for  various  meta¬ 
bolic  products,  are  always  distinct  and 
have  no  genetical  connection,  or  else  that 
they  arise  by  a  differentiation  from  a 
single  category  of  vacuoles,  but  by  the 
phenomenon  of  coacervation  and  not  of 

syneresis  (C/.  p.  177). 

However  this  may  be,  this  last  ex¬ 
planation  does  not  apply  to  the  lower 
plants,  in  particular  to  the  algae,  in  which 
there  are  encountered  still  more  fre¬ 
quently,  several  categories  of  vacuoles  in  a 
single  cell.  In  the  brown  algae  it  has  been 
known  for  a  long  time  that  there  exist 
viscous  inclusions  which  have  been  called 
fucosan  granules  (Hansteen),  or  phy- 
sodes  (Crato),  whose  morphological  sig¬ 
nificance  has  been  the  subject  of  numerous 
discussions  These  inclusions  stain  vitally  like  the  vacuoles  and 

mmmmm 

color  which  they  give  to  cresyl  bl“e;,  ^/'““^cuoles  even  in  the 
Sn^ritaSSffino  consider  them,  as  does  Mancenot, 


Fig.  128.  —  Fig.  Living 
cells  from  the  inner  part  of 
the  fleshy  receptacle.  Two 
types  of  vacuoles,  one  (V) 
varying  in  size  and  shape 
with  colloidal  contents  and 
anthocyanin  pigment:  the 
other  (v).  varying  in  size 
but  always  spherical,  with¬ 
out  colloidal  substance. 
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as  corresponding  to  specialized  vacuoles,  for  the  same  reason  that 
we  consider  as  specialized  vacuoles,  those  encountered  in  the 
phanerogams  in  which  group  of  plants  phenolic  compounds  are 
always  localized  in  vacuoles,  often  having  forms  corresponding  to 
those  of  the  physodes.  Chadefaud,  who  recently  described  simi¬ 
lar  physodes  in  the  Phaeophyceae,  thinks,  on  the  contrary,  that 
these  inclusions  are  chondriosomes  which  elaborate  mucilages  and 
phenolic  compounds.  This  opinion  does  not  seem  plausible  to  us. 

The  same  peculiarities  are  found  in  Vaucheria  in  which  the  re¬ 
cent  work  of  Mangenot  has  shown,  apart  from  the  central  vacu¬ 
olar  canal  previously  discussed,  the  existence  of  numerous  small, 
peripheral  rod-  or  granule-shaped  vacuoles  formed  of  a  very  con¬ 
centrated  colloidal  substance.  These  small  vacuoles  which  P.  A. 
Dangeard  confused  with  the  chondriosomes,  take  a  blue  color  with 
cresyl  blue  whereas  the  vacuolar  canal  stains  violet.  Mangenot 
thinks  these  small  vacuoles  are  composed  of  mucilages  with  which, 
in  a  great  many  cases,  tannins  are  associated. 

In  Euglena  viridis,  as  well  as  small  vacuoles  composed  of  a 
concentrated  solution  of  metachromatin,  there  are  found  in  the 
sub-cuticular  cytoplasmic  layer,  spheres  colored  purple-violet  by 
cresyl  blue  and  appearing  as  small  vacuoles.  According  to  Chade¬ 
faud,  these  are  specialized  vacuoles  containing  mucus  (Fr.  corps 
muciferes).  In  this  same  region  in  other  Euglenas,  there  are  ob¬ 
served  elements  shaped  like  bacteria,  colored  blue  with  cresyl  blue, 
rarely  violet,  which  are  capable  of  ejecting  their  contents  as  a  long 
filament.  They  seem  to  correspond  to  trichocysts  such  as  are  ob¬ 
served  in  certain  ciliates. 

In  Cladophora  (Fig.  103),  P.  A.  Dangeard  cited  two  categories 
of  vacuoles,  those  centrally  placed  which  are  large  and  liquid,  others 

at  the  periphery  which  are  small,  semi-fluid  elements  shaped  like 
rods. 


The  existence  of  specialized  vacuoles  (with  the  exception  of 
hose  lacking  in  colloidal  substances  whose  existence  appears  to  be 
connected  with  a  phenomenon  of  syneresis),  shows  us  that  it  is 
not  possible  to  consider  the  vacuome  as  a  morphological  entity  in 
the  sense  of  Dangeard  or  to  adhere  to  the  theory  of  de  Vries. 
It  is  difficult,  moreover,  to  keep  for  the  term  “vacuole”  its  classical 
meaning  and  to  limit  it  to  liquid  inclusions  of  the  cell  sinceTis 
now  established  that  the  well  characterized  vacuoles  of  the  maloritv 
of  plants  are  themselves  derived  from  semi-fluid  inclusions  whose 
consistency  is  often  greater  than  that  of  the  cytoplasm  itself 
oles  which  during  the  development  of  the cellfagaln pX™!* 

ii “ 

questionably  "totte  vacudes'’ oTmore  evolvlf  Xntf  maSP°nd 
constantly  in  the  semi-fluid  state.  d  P  ts’  may  remain 

One  fact,  however,  stands  out  very  clearly  from  th»  ,  ■ 
tions  just  reviewed.  It  is  that  the  protoplasm  itself  i  rliv™  8?' 
ter,  ,s  incapable  of  being  stained  with  vital  dyes  except  in  St 
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tory  way.  Either  it  excretes  them  into  the  vacuole  or  else  it  dies, 
poisoned  by  them.  It  is  only  in  products  resulting  from  its  metabo¬ 
lism  that  the  stains  accumulate.  We  are  thus  brought  back  to 
the  idea  expressed  by  many  cytologists,  von  Mollendorff  among 
others,  that  vital  dyes  normally  stain  only  that  which  we  call  the 
deutoplasm,  or  paraplasm,  in  which  are  grouped  all  the  products 
arising  from  protoplasmic  elaboration.  The  vacuoles  belong  in 
this  category  and  perhaps  it  would  be  suitable  to  include  under 
the  general  heading  of  vacuolar  system  (a  term  preferable  to  that 
of  vacuome,  which  involves  the  idea  of  morphological  entity)  all 
the  paraplasmic  colloidal  inclusions  of  the  cytoplasm  which  are 
not  of  a  lipide  nature  or,  at  least,  in  which  the  lipides  do  not  consti¬ 
tute  the  essential  element.  These  inclusions  are  composed  of  aque¬ 
ous  solutions  of  colloidal  substances  elaborated  by  the  cytoplasm, 
not  miscible  with  it  (doubtless  forming  a  coacervate  system  sepa¬ 
rate  from  the  cytoplasm)  and  are  characterized  by  a  more  or  less 
high  concentration.  They  are  however  capable  under  certain  physi¬ 
cal  conditions  and  in  certain  cells,  by  reason  of  their  capacity  for 
taking  in  water  which  is  stronger  than  that  of  the  cytoplasm  and 
often  unlimited,  of  becoming  dilute  and  of  taking  on  the  aspect  of 
liquid  inclusions  or  true  vacuoles.  In  a  word,  the  liquid  vacuole 
according  to  this  interpretation  may  be  formed  each  time  that 
there  is  deposited  in  the  cell  a  product  of  secretion  in  a  colloidal 
state  more  capable  of  absorbing  water  than  is  the  cytoplasm,  bo 
the  vacuolar  system  expresses  a  physical  state,  an  aqueous  phase, 
separated  from  the  cytoplasm,  and  containing  various  more  or  less 
concentrated,  colloidal  and  crystalloid  substances  of  paraplasm 
which  may,  according  to  the  nature  of  these  substances  and  the 
conditions  of  the  cell,  have  a  rather  high  viscosity  and  which  are 
able  to  pass  from  the  liquid  to  the  semi-fluid  or  solid  state. 

If  in  the  great  majority  of  plants,  the  vacuolar  system  appears 
to  us’  as  a  morphological  entity,  it  is  undoubtedly  because  plan 
cells  undergo  a  considerable  hydration,  and  because,  from  the  first 
stages  of  their  development,  the  paraplasmic  inclusions  whose  en- 

lower  plants  and  ir} . an  Tn^^hTTiarlplasmfc  Tnclusions  would  gen- 

making  a  distinction  among  them  more  easy  oy 
chemical  contents  characteristic  of  eac  •  Mange- 

According  to  this  hypothesis  it  is  possib  e  to  see,  as^  ]nc|u. 

not,  a  similarity  between  the  vacuola  y  onaily  of  being 

sion’s  _  paraplasmic  are"  soluble  in 

stained  in  the  living  statebeca  tn  d  of  neutral  fats  and 

S  a  rfioZ  "cany  all  cells,  there  accumulate  all  the 
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products  of  secretion  of  the  cytoplasm  capable  of  being  dissolved 
in  them  (phytosterol,  lecithins,  oils,  carotinoids,  etc.).  They  may 
remain  scattered  in  the  form  of  small  inclusions  in  the  cytoplasm, 
or  may  fuse  together,  as  in  the  spores  of  certain  fungi  and  in  the 
adipose  cells  of  animals,  to  constitute  a  single  enormous  fatty 
globule  occupying  the  entire  cell. 

A  distinction  may  therefore  be  made  in  the  paraplasm  between 
hydrophilic  inclusions  ( vacuoles )  and  hydrophobic  inclusions  ( lip - 
ide  inclusions). 

Be  that  as  it  may,  these  investigations,  taken  all  together,  show 
that  vacuoles  are  present  in  all  cells,  just  as  are  the  chondriosomes. 
Although  both  are  present,  the  vacuoles  cannot,  in  any  way  what¬ 
ever,  be  considered  similar  to  the  elements  of  the  chondriome. 
‘There  is  reason  to  think  that  they  have  no  permanence,  no  indi¬ 
viduality  which  is  transmissible  from  generation  to  generation,  or 
as  Parat  says,  “Only  the  group  is  significant,  only  the  vacuome 
is  an  entity,  the  expression  of  a  cellular  equilibrium,  the  bond  in 
metabolism,  an  ‘aqueous  phase’  whose  elements  disappear  and  are 
replaced  by  others.” 


Digestive  vacuoles:-  The  theory  which  we  have  just  formulated 
in  regard  to  the  significance  of  the  vacuoles  permits  us  to  incorpo¬ 
rate  the  vacuoles  of  the  Myxomycetes  in  the  vacuolar  system.  It  is 
known  that  in  this  group  as  well  as  in  the  Amoebas,  there  do  not 
seem  to  be  any  digestive  vacuoles  which  take  up  vital  dyes  but 
there  are  vacuoles  which  are  distinguished  from  ordinary  vacuoles 
by  their  exogenous  origin.  These  vacuoles  arise  from  food  particles 
surrounded  by  a  little  water  in  the  cytoplasmic  mass.  If  the  hy¬ 
pothesis  which  we  have  formulated  on  the  origin  of  vacuoles  be 
admitted,  it  follows  that  in  spite  of  their  exogenous  origin,  these 
vacuoles  are  in  the  same  category  as  the  others,  contrary  to  the 

opinion  of  Volkonsky  who  definitely  separates  them  under  the 
name  of  gastriole. 


There  are  other  vacuoles,  present  in  the  flagellate  algae  which 
are  pulsating  vacuoles.  Their  significance  is  still  unknown. 
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One  of  the  most  important  functions  of  vacuoles  is  to  regulate 
the  exchange  of  water  which  takes  place  in  the  cell  by  osmotic 
phenomena.  This  was  brought  out  by  the  classical  research  of  de 
Vries.  We  have  already  mentioned  this  function  (p.  125).  Now 
we  must  show  the  applications  of  it  made  by  de  Vries. 

From  his  experiments,  this  investigator  thought  out  a  method 
by  which  the  osmotic  pressure  of  a  cell  might  be  determined.  This 
consists  in  placing  fragments  of  living  tissue  (for  example,  stami- 
nate  hairs  of  Tradescantia,  which  have  been  mentioned  before  as 
particularly  favorable  for  these  experiments)  in  solutions  of  a 
known  substance  such  as  sugar,  arranged  according  to  concentra¬ 
tion.  There  may  then  be  found  a  limiting  concentration  at  which 
plasmolysis  is  just  beginning,  i.e.,  in  which  separation  of  the  proto¬ 
plasm  from  the  angles  of  the  cell  wall  is  first  detected.  This  limit¬ 
ing  phenomenon  is  considered  as  a  criterion  and  it  is  recognized 
that  it  corresponds  to  an  equality  in  osmotic  pressure :  the  solution 


is  therefore  isotonic  with  respect  to  the  vacuolar  sap. 

By  this  method  DE  Vries  made  known  one  of  the  fundamental 
laws  of  osmosis.  By  a  series  of  progressive  comparisons  of  dif¬ 
ferent  substances,  it  is  demonstrable  that  they  are  isotonic  when 
each  produces  incipient  plasmolysis  of  cells.  By  this  biological 
method,  DE  Vries  was  able  to  show  that  isotonic  solutions  are  equi- 
molecular,  i.e.,  equal  osmotic  pressures  are  developed  by  an  equal 
number  of  molecules.  The  method  is  so  sensitive  for  sugars  that 
DE  Vries  was  able  to  determine  the  molecular  weight  foi  raffinose 
about  which  chemists  disagreed.  Electrolytes,  however,  are  ion¬ 
ized  in  solution  and  each  ion,  acting  as  a  molecule,  increases  osmotic 
pressure.  Consequently  de  Vries  had  to  introduce  into  this  law 

a  coefficient  of  correction  (isotonic  coefficient). 

Osmotic  pressure  of  the  cell  sap  varies  according  to  the  con¬ 
ditions  of  the  life  of  the  plant:  the  osmotic  value  is  4-5  atmospheres 
for  aerial  parts  of  aquatic  plants,  12-14 atmospheres  for  cells  m 
the  root  of  the  bean,  almost  100  atmospheres  for  the  chlorophyll 

beaNo?mPanynCSaar°ef  XX  "Xnded  by  their  vacuolar  sap. 
This  rigidity’is  called  turgidity.  The  cells  are  entirely  eomparaWe 
to  a  blown  up  balloon :  the  internal  pressure  manifests  itself  if  th 
membrane  is"  pierced  by  a  microdissecting  needle i  and  the  proto¬ 
plasmic  and  vacuolar  contents  escape  with  force  just  hke  the  a 
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such  a  way  that  it  is  always  hypertonic  with  regard  to  the  sur¬ 
rounding  medium.  As  soon  as  the  concentration  of  the  latter 
increases,  the  cells  hydrolize  their  reserve  starch  and  the  resulting 
sugar  goes  into  the  vacuolar  sap  whose  osmotic  capacity  increases. 
This  phenomenon  has  been  given  the  name  anatonosis.  The  pres¬ 
ence  of  colloidal  substances  in  the  vacuole  suggests  that  their  role 
is  not  reduced  merely  to  osmotic  actions  but  that  they  intervene 
also  in  the  processes  of  the  passage  of  water  in  and  out  of  the  cell. 
It  is,  in  fact,  this  inward  and  outward  passage  of  water,  inter¬ 
vening  alternately  between  vacuolar  colloids  and  cytoplasmic  col¬ 
loids  which  explains  the  reversibility  of  form  of  the  vacuolar  sys¬ 


tem  discussed  earlier. 

The  vacuoles  are  accumulation  regions,  the  reservoirs  of  a  large 
number  of  metabolic  products  or  of  reserves,  and  are  particularly 
regions  of  excretion  of  toxic  substances,  as  the  action  of  vital  dyes 
tends  to  indicate.  In  the  vacuoles,  there  accumulate  all  the  products 
secreted  by  the  cell  which  can  be  dissolved  in  water,  forming  true 
or  pseudosolutions  (proteins,  holosides,  heterosides,  tannins,  fla¬ 
vins,  oxyflavanol  and  anthocyanin  pigments,  organic  acids,  alka¬ 
loids,  certain  lipides,  mucilages  and  so  on).  These  various  prod¬ 
ucts  may  appear  in  the  meristematic  cells  at  the  very  beginning 
of  development  of  the  vacuolar  system,  or  at  any  stage  whatever, 
during  the  development  of  the  system.  It  has  been  possible  to 
demonstrate,  notably  by  microchemical  reactions,  that  in  the  seed¬ 
ling  of  tobacco,  alkaloids  appear  in  the  cells  of  the  meristem  of 
the  root,  in  the  chondriosome-shaped  vacuoles  formed  by  the  hydra¬ 
tion  of  aleurone  grains  (Chaze).  There  have  been  localized  also 
in  the  chondriosome-shaped  vacuoles  of  the  meristematic  cells,  cer¬ 
tain  heterosides,  such  as  the  saponarosides  (Politis).  This  is 
true  for  tannins  (Guilliermond,  P.  Dangeard),  the  oxyflavanol 
compounds  and  anthocyanin  pigments  (Guilliermond)  .  The  vacu¬ 
olar  system  is  certainly  more  than  a  locus  for  the  accumulation  of 
these  various  products.  The  presence  of  colloidal  substances  in 
the  vacuoles  and  their  predilection  for  vital  stains  lead  us  to  sup¬ 
pose,  as  do  the  Dangeards,  that  the  vacuoles  can  exercise  a  role 
in  absorption  phenomena  because  of  these  very  properties  of  ab¬ 
sorption,  imbibition  and  combination  which  bring  about  the  pene¬ 
tration  of  the  dyes.  Devaux  believes  the  vacuolar  system  to  be 
e  site  of  chemical  affinities  of  the  cell  and  explains  that  the  vital 

^f|Satoenet^ate  tl'6  cel!,without  staining  the  protoplasm  and  accu- 

r'^iT1US1VelLm  ,the  vacuoles.  *•«•.  in  the  non-living  parts  of 
he  cell,  because  the  chemical  affinities  of  the  living  substance  are 
masked  by  reciprocal  saturation.  So  by  his  theory  of  polarized 
the  c!f  Ci  membranes  <c / •  P- 121)  only  the  non-living  inclusions  of 
ln/th0P  aSm’i  SU<ih  aS  the  vacuoles.  are  capable  of  fixing  the  dyes 

presented  bt  the  ^"i  °f  prot°P|asmic  activity  on  the  surface 
fhft  tn-  by.  the  Protoplasm  and  the  vacuole.  It  has  been  seen 
that  this  opinion  is  not  justified.  If,  actually,  some  dves  Hke 
ral  red,  traverse  the  cytoplasm  without  ever  staining  it  nnH 
accumulate  only  in  the  vacuole,  this  is  not  true  for  oth^  dyes  which 
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can  stain  the  cytoplasm  in  living  cells.  Nevertheless  this  staining 
is  only  transitory  and  the  dye  moves  from  the  cytoplasm  into  the 
vacuole.  It  is  only  after  the  dye  has  been  localized  in  the  vacu¬ 
oles  that  the  cells  are  capable  of  growing  and  no  staining  other 
than  vital  staining  of  the  vacuoles  is  compatible  with  growth. 
The  hypothesis  of  Devaux  seems  to  be  confirmed  by  the  works 
of  Genevois  and  Genaud,  who  have  shown  that  absorption  of 
salts  by  cells  occurs  exclusively  along  the  cellular  and  vacuolar 
membranes.  It  is  necessary,  however,  to  make  reservations  in 
regard  to  the  absence  of  chemical  affinities  from  the  cytoplasm, 
since  it  has  been  seen  that  certain  stains  may,  under  some  con¬ 
ditions,  be  retained  by  the  cytoplasm  (pp.  18,  142).  It  has  often 
been  supposed  that  the  vacuolar  system  is  not  a  simple  center  of 
accumulation  of  metabolic  products  but  that  it  is  at  the  same  time 
the  seat  of  phenomena  of  hydrolysis  and  of  synthesis.  According 
to  Kedrowsky  and  Volkonsky,  the  vacuoles  are  the  secretion  ap¬ 
paratus  of  the  cell  and  the  seat  of  enzymes,  particularly  of  pro¬ 
teases,  but  this  view  seems  to  be  exaggerated.  There  is  reason  to 
believe  that  in  the  chemical  phenomena  which  take  place  in  the 
vacuole,  it  is  the  cytoplasm  which  plays  the  active  role,  the  vacu¬ 
ole  having  only  a  passive  role. 

Let  us  add  that  Parat  considers  that  in  animal  cells,  methylene 
blue  is  always  reduced  in  the  cytoplasm  and  in  the  chondriome 
(rH  <12),  and  that  it  is,  on  the  contrary,  re-oxidized  by  the  vacu¬ 
oles  (rH  <16),  which  does  not  seem  to  be  true  in  plant  cells. 
Going  back  to  the  hypothesis  of  Robertson  (p.  122),  Parat  thinks 
that  the  pair:  chondriome  plus  vacuole,  presides  over  the  synthesis 
of  proteins,  which,  according  to  Robertson,  calls  for  a  lipide  phase 
and  an  aqueous  phase  and  thus  gives  a  morphological  basis  for 
this  hypothesis.  Parat  considers  further  that  the  vacuome  is  the 
crucible  in  which  are  completed  the  operations  begun  in  the  chon¬ 
driome,  but  these  points  of  view  are  very  hypothetical  and  lack 
a  solid  foundation. 

It  has  been  seen  that  this  hypothesis  of  Parat  is  no  longer 
tenable,  now  that  it  is  demonstrated  that  the  chondriosomes  do 
not  of  themselves  have  a  reducing  role,  contrary  to  what  had 
been  supposed,  and  that  the  vacuoles  may  in  certain  cases  be  just 
as  capable  of  reducing  actions  as  the  chondriosomes. 


Chapter  XVII 

GOLGI  APPARATUS,  CANALICULI  OF  HOLMGREN 
AND  OTHER  CYTOPLASMIC  FORMATIONS 

Golgi  apparatus  and  the  canaliculi  of  Holmgren  in  animal  cells 
By  using  methods  of  silver  nitrate  impregnation,  Golgi  (1898) 
brought  out  in  the  cytoplasm  of  nerve  cells  (Purkinje  cells  and 
invertebrate  ganglia  of  Strix  flammea)  a  network  of  very  fine 
filaments  to  which  has  been  given  the  name  internal  reticular  ap¬ 
paratus  of  Golgi.  This  formation  was  made  the  object  of  impor¬ 
tant  studies  by  Cajal.  Kopsch  showed  later  that  the  Golgi 
apparatus  can  also  be  brought  out  by  osmic  impregnation  at  40°C. 

This  later  method  has  the  advantage  over  the  preceding 
that  it  is  much  easier  to  use,  for,  unlike  impregnation  with  silver, 
it  does  not  result  in  so  many  failures.  For  this  reason,  it  has  been 
the  starting  point  for  a  great  deal  of  research  which  has  revealed 
in  most  animal  cells,  formations  which  osmic  acid  blackens,  just 
as  it  does  the  Golgi  apparatus  described  by  Golgi  and  Cajal.  These 
formations,  in  spite  of  their  widely  differing  morphological  aspects, 
have  been  grouped  with  the  Golgi  apparatus  on  the  single  basis 
that  they  stain  like  it.  These  formations  are  not  generally  repre¬ 
sented  by  a  network  but  by  small  elements  scattered  in  the  cyto¬ 
plasm,  appearing  as  spherical  or  ovoid  bodies,  composed  of  a 
chromophobic  substance  surrounded  by  a  chromophilic  substance 
which  is  thicker  on  one  side  than  on  the  other.  They  are  known 
as  dictyosomes  or  Golgi  bodies. 

Many  cytologists  today  think  that  the  Golgi  apparatus  is  a 
permanent  feature  of  cytoplasm  in  the  same  way  as  is  the  chondri- 
ome,  and  there  has  been  described,  during  mitosis,  a  division  of 
the  Golgi  bodies  between  the  daughter  cells  which  has  been  called 
l^yokmesis  (Perroncito)  .  Finally,  scientists  are  coming  to  the 
belief  that  this  apparatus  is  the  center  of  elaboration  of  metabolic 
products  In  brief,  it  is  thought  to  play  the  role  formerly  attrib- 
uted  first,  to  the  ergastoplasm  and,  later,  to  the  chondriome.  So 

for  twl  ?raiUS  ma7  hl  Said  t0  have  supplanted  the  chondriome 
ior  tnose  who  adhere  to  this  view. 

"»***  apparatus,  however,'  is  not,  like  the  chondriome  a 
well  defined  system.  It  is  not  visible  in  living  material  no/can 
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moreover,  that  the  images  obtained  by  osmic  acid  correspond 
always  to  those  produced  by  silver  methods  and  there  has  been  no 
proof  whatever  that  the  dictyosomes  can  really  be  homologized 
with  the  Golgi  network.  One  can  not,  therefore,  suppress  the 
thought  that  under  this  name  have  been  grouped  very  diverse 
formations.  One  is  forced  to  admit  that  there  is  reason  to  distin- 


Flo.  .29.  -  Barley  ,«*.  1.  m«l.t.m  ^ 

cells:  Holmgren's  apparatus  transformed  into  large  vacuoles. 


<niish  between  formations  which  are  perhaps  entirely  differ®n^ 
the  Golgi  network  of  Golgi  and  Cajal  obtained  by  means  of  silver 
methodf  and  the  dictyosomes  later  brought  out  by  osm.c  methods. 

on.  *1  -her  Hjnd 

described  in  certain  animal  cells  a  network  y  H  and 

canaliculi  appearing  as  clearly  as  if  ®U  0f  Holm- 

stained  cytoplasm.  This  apparatus.  called  the  "Te'n  found  in  a 

great 'number  S  «  considered  it  as 
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a  system  of  intracellular  canaliculi  opening  freely  to  the  exterior 
and  serving  for  the  entrance  of  nutritive  juices  as  well  as  for  the 
excretion  of  metabolic  products  from  the  cell.  Nevertheless,  after 
further  research,  this  worker  was  led  to  deny  all  communication 
of  these  canaliculi  with  any  part  of  the  pericellular  space  and 
considered  them  to  be  formations  completely  separated  from  the 
lymphatic  circulation  and  probably  comparable  to  the  network  of 
Golgi.  It  is  certain,  however,  that,  of  the  formations  described  by 
Holmgren,  some  correspond  to  canaliculi  communicating  with  the 
exterior  as  this  investigator  at  first  thought.  But  in  these  pages 
we  reserve  this  term  exclusively  for  the  formations  described  by 
Cajal  under  the  name  which  has  been  currently  used  since  then 


Fig.  130.  —  Pea  root.  Vacuolar  system. 
Method  of  da  Fano.  1-4,  network  strongly 
impregnated  with  silver.  6,  fusion  to  uni¬ 
formly  stained  vacuoles,  which  later  (6) 
appear  like  dictyosomes,  then  (7)  become 
larger  with  silver-impregnated  precipitates. 


by  numerous  cytologists, 
canaliculi  do  not  seem  to 
now  called  dictyosomes. 


viz.  Golgi-Holmgren  apparatus.  These 
us  to  be  comparable  to  the  structures 


of  rTblC  ^ela‘io"s^Ps  of  the  vacuolar  system  with  the  apparatus 
of  Golgi  and  of  Holmgren:-  The  facts  concerning  the  vacuolar 

SyStw/nn1  k  ^ant  Cells  have  given  the  question  a  new  orientation 
Well  before  the  origin  of  vacuoles  and  their  property  of  accu 
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very  earliest  investigations,  the  hypothesis  that  the  Golgi  apparatus 
might  well  correspond  to  a  vacuolar  system  analogous  to  that  of 
plant  cells.  Moreover,  we  had  shown  that,  by  means  of  Regaud’s 
method,  the  young  filamentous  and  reticulate  vacuoles  may  be  seen 
as  a  network  of  colorless  canaliculi  within  the  grey-tinted  cyto¬ 
plasm  and  present  absolutely  the  aspect  of  the  canaliculi  of  Holm¬ 
gren.  That  led  us  to  think  that  the  apparatus  of  Golgi  and  that 
of  Holmgren  might  perhaps  be  one  and  the  same  formation,  corre¬ 
sponding  to  certain  phases  of  the  vacuolar  system  analogous  to 
that  of  plant  cells. 

A  little  later,  with  Mangenot,  we  tried  to  verify  this  hypothesis 
in  the  meristem  cells  of  the  barley  root  (Fig.  129)  which,  as  we 
have  seen,  contain  small  filamentous  vacuoles,  very  characteristic 
and  easy  to  bring  out  by  vital  staining  with  neutral  red.  Treating 
these  cells  by  the  method  recommended  by  Bensley  for  detection 

of  the  canaliculi  of  Holmgren,  we 
succeeded  in  obtaining  images  very 
comparable  to  those  of  an  apparatus 
of  Holmgren  formed  of  colorless 
canaliculi,  appearing  as  if  punched 
out  against  the  grey  cytoplasmic 
background.  These,  in  differentiat¬ 
ing  cells,  swell  and  coalesce  and,  in 
the  mature  cell,  are  transformed 
into  large  vacuoles.  Moreover,  in 
treating  the  same  root  with  the  sil¬ 
ver  impregnation  methods  which 
fig.  131.  —  Pea.  Epidermal  ceils  of  Golgi  employed  to  bring  out  his  re- 

ticular  apparatus,  we  obtained  in 
the  cells  of  the  meristem  a  network 
like  that  of  Golgi,  corresponding  ex¬ 
actly  to  the  apparatus  of  Holmgren,  obtained  by  the  methods  of 
Bensley,  and  to  the  filamentous  and  reticulate  phases  of  the  vacu- 
olar  system,  as  they  appear  after  vital  staining  with  neutral  red. 

These  observations  which  seemed  to  verify  our  hypothesis,  were 
later  confirmed  in  animal  cytology  by  the  work  of  A.  Corti,  then  o 
Parat  and  of  his  collaborators.  Corti  proved,  in  fact,  that  the 
apparatus  of  Golgi  and  the  apparatus  of  Holmgren  constitute  a 
single  formation,  corresponding  to  a  system  of  lacunae,  wl  c 
th/author  called  lacuome  and  which  he  compares  to  the  vacuolar 
system  of  plant  cells.  Furthermore,  in  entirely  " 

search  Parat  and  his  collaborators  showed  that  the  Golgi  appa 
ratus  and  that  of  Holmgren  correspond  to  a  single  formation 
poXe and  negative  images,  respectively  .obtained by  differen 
methods  and  comparable  to  a  vacuolar  system  like  that  m  pla 
„_n„  anci  capable  of  being  stained  vitally  by  neutral  red.  lh0 
cells  ana  capamt  o  his^  collaborators  have,  however,  proved  that 


the  cotyledons  at  the  beginning:  of  ger¬ 
mination.  da  Fano’s  method.  Aleurone 
grains  strongly  impregnated:  some  ap¬ 
pear  filamentous. 
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As  a  result  of  these  investigations,  we  extended  our  research 
to  cover  a  large  number  of  plants,  belonging  to  the  most  varied 
groups,  which  confirmed  and  completed  our  earlier  findings.  The 
study  of  the  vacuolar  system,  notably  in  the  seedling  of  the  pea, 
gave  us  particularly  suggestive  results.  In  the  meristem  cells  of 
the  root  (Fig.  130),  there  is  obtained  by  silver  methods  an  entirely 
characteristic  reticulate  apparatus  and  it  is  observed  that  during 


.  .Fl®*  13.f-  “  Saprolegnia.  Vacuolar  system.  1-8,  vitally 
stained  with  neutral  red;  reticulate,  tending  to  fuse  into  a 
vacuolar  canal.  4-6,  Bensley’s  method;  system  appears  as 
canahcuh  of  Holmgren.  7.  8.  da  Fano's  silver  impregnation 

network  %  To  T  TTh^  Si'Ver'  resembles  Golgi's 

system  'strongly  bla^keneCJeV  3  °Sm‘C  ,mpregnation  metho* 


smaU]1iarSnhfHrI?tifti0n  ,this  netuwork  swel]s  and  is  transformed  into 
h1  L  Pi  ?nc,u  vacu°les*  each  containing  a  precipitate  heavilv 
blackened  by  the  silver  and  often  arranged  as  a  crescent  on  the  hoi 

tyorso°m  6  VCatS’itndSffaPPTi?gaIik* the  ^“eSs^dt 
to “and Z toier lofolmf  regi0nS’  ,the  VaCUOles  are 
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olar  system,  which  gives  them  a  homogeneous  black  coloration,  and 
in  the  vacuoles  derived  by  hydration  of  these  elements,  the  same 
methods  bring  about  the  precipitation  of  the  colloidal  contents 
in  the  form  of  corpuscles  on  which  the  metallic  silver  is  deposited. 

The  silver  methods  also  permitted  us  to  bring  out  aleurone 
grains  during  their  transformation  into  vacuoles  which  swell,  at 
first  assuming  filamentous  forms  having  a  tendency  to  anastomose, 


F,G-  133-  "i*! o* * *da ^FtLno's° method*^ M ietachromati ,nM bod ies ,  ^prod  uced  by  flotation  from 

SISSi  ^ 

their  surfaces.  11-18.  Geotnehum  la  •  ?  metachromatin  in  vacuoles  (v)  S 

11.  13.  metachromatin  bod.es  w.thm  ^acuole^.  16.  17.  are  8WolIe„  and 

chondriosomes  (c)  are  swollen  Dreserved.  19-22.  SaecKaromycet  pa*tonanu»: 

sacs  s=3  *  — . 

then  later  appearing  as  large  spherical  vacuoles  containing  nu- 
formed  into  large  vacuoles.  obtained  in  Saprolegnia. 

Results  just  as  diagrammatic  were  obtamea  m  c,  P 

In  the  extremities  o the  f om  of  the  appa- 

reticulate  figures  of  the  vacuo  ■  ?  th  the  appearance 

ratus  of  Holmgren  and  silver  methods  gave  them  w 

characteristic  of  the  reticulate  apparatus  of  Golgi. 
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from  the  tip,  they  become  transformed  into  a  vacuolar  canal  con¬ 
taining  numerous  corpuscles  which  take  up  the  silver  (Fig.  132). 

Silver  methods  gave  us  similar  results  in  other  fungi  ( Endo - 
myces  Magnusii,  yeasts)  whose  vacuoles  are  not  filamentous  but 
begin  as  small  spherical  elements  filled  with  metachromatin.  The 
silver  methods  make  these  elements  appear  as  small  vacuoles, 
each  containing  one  silver-staining  body,  whereas  in  the  larger 
vacuoles,  arising  from  the  coalescence  of  the  smaller  elements, 
these  methods  bring  about  the  precipitation  of  numerous  silver- 
staining  corpuscles  which  correspond  to  metachromatic  corpuscles. 
The  images  obtained  are  here  again  similar  at  all  points  to  those 


v  .F'G'  1,34,  ~  Pea-  Various  cells  from  the  same  root 

Kolatchevs  method.  1,  central  cylinder;  blackened  cytoplasm 
ppears  reticulate.  2  cortical  parenchyma;  chondriosomes  fairly 
well  preserved,  heavily  blackened  by  the  osmium,  a  few  are 

andCplastids  kre'  bS  ^  f  ^  °nly  the  «h°ndriosome. 

onlv  ‘  f ,  blackened  and  strongly  vesiculated;  at  right 

cel  s  abovearthPereCm‘tatr  ^  ‘™pre*nated-  4.  Differentiated 
blackened  »«er,stem;  only  vacuolar  precipitates  are 


tents,  have  the  property  of  v^cuoles-  whatever  their  con- 

about  in  their  interior  thp  nmri  ^  S1lver  nitrate  and  of  bringing 
giving  images  anal^ons  to  in  UCt'0n  particles  of  Metallic  silver 
othe/hand  si  verTtL*  ZnTuT*  ^  Vital  dyes'  0n  the 
very  clearly,  are  not  specific  for  tn!8  bTglng  out  the  vacuoles 
ome  (chondriosomes  and  plastidsi  mo3"!!  s?met-imes  the  chondri- 
even  the  chromosomes  (gt?„g  i  fZ  *  “Predated  also  and 

ures).  There  is  no  alteration  of  tt  T-  SUperb  mitotic  « 8 - 
however,  so  that  it  is  not  difficult^ chondriosomes  and  plastids, 
are  blackened  by  the  silver.  recognize  them  when  they 
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Relationships  between  the  Golgi  apparatus  and  the  chondrio- 
somes  and  plastids:-  The  above  results  have  been  a  subject  of  much 
debate  in  animal  cytology,  and  various  authors,  among  others 
Bowen  and  Gatenby,  Duboscq  and  Grasse  have  not  been  able  to 
confirm  the  observations  of  A.  Corti  and  Parat.  It  must  be  noticed 
that  all  these  authors  abandoned  silver  methods  and  used  only 
osmic  methods.  There  was  therefore  the  question  as  to  whether 
osmic  methods  produce  the  same  results  as  the  silver  methods. 
Work  which  we  have  done  using  these  methods  on  plant  cells  has 
shown  us  that  the  osmic  methods  are  much  less  specific  than  the 
silver  methods.  If  the  impregnations  have  lasted  only  a  week, 
there  is  a  blackening  of  the  vacuolar  system  only  when  it  encloses 


Fig.  135.  —  Vtcia  Faba.  Cells  in  the  seed  before 
maturation.  Silver  impregnation  of  da  Fano.  1-6, 
parenchymatous  cells  of  the  cotyledon;  1-4,  Golgi  net¬ 
work.  5-6,  deprived  of  oxygen,  the  Golgi  network 
breaks  up  into  vacuoles  containing  silver-impregnated 
precipitates.  7,  epidermal  cells  of  the  integument  of 
the  seed:  Golgi  network.  (After  Sanchez). 


tannins,  which  instantaneously  reduce  osmic  acid.  Otherwise,  it 
is  the  chondriome  which  is  impregnated  and  it  may  be  well  pre¬ 
served  but  is  often  vesiculated.  If  the  impregnation  is  prolonged 
to  two  weeks,  there  is  a  more  profound  alteration  of  the  plastids 
and  chondriosomes,  which  become  large  vesicles  and  sometimes 
even  anastomose  into  a  fine  network,  much  like  the  network  o 
Golgi,  but  now  the  vacuolar  system  may  also  be  impregnated.  These 
im™*a<mntinna  nrp  then  verv  irregular  and  it  is  not  rare  to  ob- 
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what  we  have  observed  in  plant  cells,  under  as  accurate  condi¬ 
tions  as  possible,  leads  us  to  think  that  the  so-called  Golgi  forma¬ 
tions  observed  in  animal  cytology  have  not  been  well  characterized. 
Indeed,  they  have  been  observed  most  often  by  the  use  of  methods 
far  from  specific  without  recourse  to  other  techniques  and  with¬ 
out  confirmation  from  living  material.  Our  research  on  plant  cells 
would  seem  to  indicate  that  the  Golgi  apparatus  (apparatus  of 
Golgi,  Holmgren,  Cajal)  i.e.,  the  network,  might  often  correspond 
to  a  vacuolar  system  like  that  in  plant  cells,  whereas  most  of  the 
dictyosomes  obtained  by  osmic  methods  must  be  put  into  the  cate¬ 
gory  of  vesiculated  chondriosomes.  (An  opinion  recently  formu¬ 
lated  by  Filhol  is  that  some  dictyosomes  correspond  to  differenti¬ 
ated  chondriosomes,  doubtless  destined  to  play  a  role  in  the 
secretions  of  the  cell).  In  reading  the  reports  of  some  cytologists, 
one  has  the  impression  that  they  are  re-discovering  the  chondriome 
under  the  name  of  Golgi 
apparatus. 

The  so-called  Golgi  appa¬ 
ratus  in  plant  cells:-  It  is 
clearly  demonstrated,  at  any 
rate,  that  the  Golgi  apparatus 
does  not  exist  in  plant  cells. 

If  we  pass  in  review  the  vari¬ 
ous  work  on  cells  carried  out 
with  the  idea  of  finding  a 
Golgi  apparatus,  we  see  that 
all  that  has  been  described  as 
such  corresponds  either  to  the 


Fig.  136.  —  Vicia  Faba.  Golgi  apparatus  (vacu¬ 
olar  system)  in  meristem  cells  of  the  root. 
Osmic  impregnation.  (After  Miss  Scott). 


vacuolar  system  or  to  the  chondriome  (chondriosomes  and  plas- 
tids)  Thus  Sanchez,  Luelmo,  Gonqalves  da  Cunha,  Zirkle 
o^Ime“-d  Miss  F-  M-  Scott  by  osmic  methods, 

svltemln  G°  networks  which  correspond  to  the  vacuolar 
ystem  in  its  filamentous  and  reticulate  phases  and  which  more¬ 
over  are  considered  as  such  by  these  authors. 

the  n™  oTcnlo-f  ntrary;figUr,ed  in  the  root  of  Allium  CeVa  under 
f  G  aPParatus>  elements  obtained  by  silver  methods 

Ld  n.nl'a  fSyi°  c,lalsify  with  the  chondriome  (chondriosomes 
and  plastids)  and  which  correspond  exactlv  tn  +w u •  ? 

chondriosomes  and  from  the  vacuoles  Th®  both  from  the 

formations  the  name  o? 

sider  them  to  be  Golo-i  jmn9ML  puiwit is  (Tig.  138)  and  con- 
they  had  demonstrated  the  exfstence  of  tlf  and  .Kl?G  claimed  ‘hat 

oBfTel^^ 

paratus  of  Beams,  then,  immediately ?£ 
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pregnate  it  with  osmium.  After  this  treatment,  the  cells  show  at 
one  of  the  poles  corresponding  to  the  direction  of  centrifugal  force, 
an  accumulation  of  chondriosomes  and  starch-bearing  plastids.  At 
the  opposite  pole  are  accumulated  in  order,  the  lipides,  the  vacuolar 
sap  and  the  osmiophilic  platelets  which  consequently  seem  to  be 
lighter.  But  the  figures  given  by  the  authors  are  not  very  con¬ 
vincing  and  it  seems  that  the  substance  which  was  affected  by 
the  centrifugal  force  corresponds  only  to  starch-containing  plas¬ 
tids  and  that  the  so-called  osmiophilic  platelets  represent  vesicu- 
lated  chondriosomes. 

It  has  been  seen  that  with  osmic  methods  Kiyohara  obtained 

analogous  figures  (vesicles)  which  he 
interprets  as  normal  forms  of  the  plas¬ 
tids.  This  author,  starting  with  a  false 
premise  in  the  form  of  a  defective  ob¬ 
servation  of  living  material  in  which 
he  saw  only  vesiculated  chondriosomes, 
concluded  that  mitochondrial  methods 
alter  the  chondriosomes,  whereas  the 
Golgi  methods  preserve  them  in  their 
vesicular  form  (C/.  p.  91).  Our 
work,  however,  has  furnished  proof 
that  these  so-called  osmiophilic  plate¬ 
lets  are  none  other  than  vesiculated 
chondriosomes  and  plastids.  Finally, 
Weier,  not  being  able  to  find  in  plants 
a  Golgi  apparatus  independent  of 
formations  already  known,  and  having 
succeeded,  in  Polytrichum  commune, 
in  impregnating  large  plastids  by  Golgi 
methods,  came  to  the  conclusion  that 
the  Golgi  apparatus  is  represented  in 
plant  cells  by  the  plastids  ( Cf .  PP-  91, 
92).  This  opinion  is  however,  inad¬ 
missible,  for  the  reason  that  the  plas- 
tids  are  a  variety  of  chondriosomal  elements,  belonging  to  chloro¬ 
phyll-containing  cells,  and  in  direct  relation  with  P^to^esis 
which  characterizes  these  cells,  and  they  are  not  found  in  fungi. 
Besides,  the  ordinary  chondriosomes  are  impregnated  by  Gog 

methods  just  as  well  as  the  plastids.  ,  .  horiral 

It  must  be  added  that  Gicklhorn,  studying  large  spheric^ 

bodies  which  are  found  localized  in  the  vacuoles  f  eP  dermal  c  » 
of  Iris  noticed  that  under  the  influence  of  osm.c  acid  they  blacken 
and  become  a  spongy  structure,  then  are  transformed  into  a  net¬ 
work  which  looks  like  Golgi  material.  This  .'V,",  i„j  formations 
fore  that  it  is  to  structures  of  this  nature  that  the  Golgi  foima  ons 
lore,  ui  mu-  Wnrk  of  one  of  our  students,  KEiLHbb 

must  be  attributed.  T  ^  bodies  are  composed  of 

SS'iSssss  Jrssst 


Fig.  137.  —  Allium  Cepa.  Drew’s 
figures  of  the  Golgi  apparatus  in 
the  root.  1.  2.  meristem;  only 

chondriosomes  differentiated.  3,  4, 

differentiating  cells  with  Golgi  ap¬ 
paratus  (G)  and  chondriosomes 
(Af).  These  Golgi  elements  are  in 
reality  plastids. 
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animal  cells  as  the  Golgi  apparatus,  but  in  exceptional  cases  only. 
Therefore  the  opinion  of  Gicklhorn  is  not  a  solid  basis  for 
generalization. 

It  is  therefore  demonstrated  that  all  the  formations  described 
as  Golgi  apparatus  in  plant  cells  are  dissimilar  elements,  belonging 
either  to  the  vacuolar  system  or  to  the  chondriome  (chondriosomes 
and  plastids)  and  that  consequently  there  is  no  Golgi  apparatus 
in  plants. 


Other  cytoplasmic  formations:-  In 
the  cytoplasm  of  many  cells  and  espe¬ 
cially  in  that  of  the  Protista,  granules 
of  chromatin  have  been  reported 
which  were  supposed  to  have  orig¬ 
inated  as  emissions  from  the  nuclei. 

For  several  years,  great  importance 
was  attached  to  these  granules 
called  chromidia.  In  reality  the  chro- 
midia,  as  a  group,  have  never  been 
characterized  histochemically.  It  has 
been  proved,  on  the  contrary,  that  they 
represent  dissimilar  elements  which 
can  be  stained  with  iron  haematoxylin 
and  which  correspond,  either  to  chon¬ 
driosomes  altered  by  the  fixatives,  or 
to  vacuolar  precipitates. 

There  is  reason,  also,  to  mention 
here  the  formations  described  for  the  first  time  in  animal  cells 
by  the  Bouin  brothers,  and  by  Garnier,  then  by  Prenant 
as  ergastoplasm  and  later  found  as  well,  in  some  plant 
cells.  These  are  in  reality  rather  undefined  formations  and 
appear  as  superposed  lamellae,  or  as  spiral  filaments,  which  have 

1*7  affi"lty  fJor  nuclear  stains.  They  have  been  observed  in 
glandular  cells  and  an  important  role  in  secretory  phenomena  has 
been  attributed  to  them.  All  cytologists  are  in  agreemeTtodav 
in  recognizing  that  ergastoplasmic  formations  have  nT  separate 

urns  oTih  T  T  m°St  °ften  Simp,y  artifacts  -  aCS  fig! 


Fig.  138.  —  Vicia  Faba.  Osmiophilic 
platelets  in  meristem  cells  of  the 
root.  Weigl’s  method  of  osmic  im¬ 
pregnation.  (After  Bowen). 
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LIPIDE  GRANULES,  MICROSOMES  AND 
OTHER  METABOLIC  PRODUCTS 

Observation  of  living  material  in  most,  if  not  all,  plants  shows 
that  there  exist  in  the  cytoplasm  in  addition  to  the  elements  dis¬ 
cussed  above,  certain  small  granules,  spherical  in  shape,  which 
we  call  lipide  granules.  These  granules  have  often  been 
confused  with  mitochondria.  In  living  cells  observed  in  direct 
illumination,  they  are  the  most  clearly  visible  of  all  the  cytoplasmic 
inclusions  because  of  their  high  refractivity.  They  are  still  more 
distinct  with  lateral  illumination,  under  which  circumstances  they 
are  usually  the  only  visible  elements  of  the  cytoplasm.  They  appear 
strongly  lighted  against  the  black  background  (the  cytoplasm)  on 

which  they  can  very  distinctly  be  seen 
to  move.  With  the  Zeiss  micropolychro- 
mar  they  can  very  clearly  be  seen  to 
have  a  color  different  from  that  of  the 
cytoplasm  and  much  more  accentuated 
than  that  of  the  chondriosomes.  The 
lipide  granules  are  distinguished  very 
sharply  from  the  mitochondria  by 
their  high  refractivity,  by  their  very 
rapid  displacements  in  the  cytoplasmic 
currents  and  by  the  variability  of  their 
size.  The  smallest  have  a  size  in¬ 
ferior  to  that  of  mitochondria  and  the 
largest  may  greatly  exceed  it.  These 
granules  are  distinguished  from  the 
mitochondria  also  by  their  osmium- 
reducing  properties. 

In  some  cases  they  may  agglomerate 
in  mulberry-shaped  masses  or  in  little 
chains  and  fuse  to  become  huge  globules.  It  seems  that  most  of 
the  bodies  described  as  oleoplasts  or  elaioplasts  correspond  to  ag- 
glomerations  of  granules  of  this  nature  formed  under  influences 
as  yet  unknown.  In  each  epidermal  cell  of  the  leaf  of  '  « 
planifolia,  VVakkek  first  called  attention  to  a  voluminous  y 
which  he  called  an  elaioplast.  It  is  generally  larger  than  the  nu¬ 
cleus  and  is  localized  in  the  cytoplasm  and  in  the  neighbot  hood  of 

the  nucleus.  This  body  is  irregular  in  shape  «nd  c°"'^KgR  “re 
numerous  small  lipide  droplets  which  according  to  Wakreb are 
pnHosed  in  a  protein  film.  These  bodies,  which  were  thought  to  be 

plastids  elaborating  lipides,  have  also  been  found ^ono coty  e™ns 
and  other  tissues  of  many  plants,  especially  of  the  Monocotyle 

cf\q-  142)  They  cannot  however  be  considered  as  plastid  . 

the  epide^is  ofTulip,  each  cel.  encloses  a  large  fatty  body  which 


Fig.  139.  —  Tulip.  Epidermal 
cell  of  leaf  under  the  ultramicro¬ 
scope.  Only  the  lipide  Rranules 
(G)  carried  about  in  the  cyto¬ 
plasmic  trabeculae  are  visible. 
O,  fatty  body. 
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arises  from  the  fusion  of  numerous  small  globules  and  appears  to 
correspond  to  the  elaioplasts  of  Wakker.  On  the  other  hand,  the 
bodies  comparable  to  the  elaioplasts  which  are  encountered  in  the 
hepatics  have  a  constitution  much  more  complex.  They  are  much 
more  difficult  to  interpret  and  are  still  little  known. 

The  quantity  of  lipide  granules  varies  a  great  deal  from 
one  cell  to  another,  according  to  the  state  of  cellular  development. 
There  are  cells  in  which  they  are  very  rare  but  usually  they  are 
very  numerous.  These  granules  give  lipide  reactions.  As  well 
as  reducing  osmic  acid  (Fig.  141),  they  stain  with  Sudan,  scarlet  R, 
tincture  of  Alkanna  and  indophenol  blue.  They  seem  to  have  a  vari¬ 
able  chemical  constitution  and  the  microchemical  characteristics 
either  of  simple  lipides  or  those  of  compound  lipides,  according  to 
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140\  —  E}odca  canadensis.  1.  Cell  from  the  leaf  fixed 

tTe  rhlresi  T  ?o\  Stained  With  acid  ^hsin.  which  colors 
he  chloioplasts  (P)  and  chondriosomes  (M)  red;  lipide 

«  ™  jsxjirz. n:  - 

fi-sssa  wjswas 

,^r0Zen  With 

writerf  recent®’  c01TesP0nd  to  the  microsomes  of  other 

many  cases  they aTaLThe^  f  “°Hsm  a*d  Perhaps  in 
breaking  down  of  the  itei^  1  °f,a  transitory>  or  final 
(phenomenon  of  lipophanerosis)  °FAMm  ^po'prote«  compounds 
their  quantity  increases  e*n~i'ii  u  h,aS  recently  shown  that 
to  high  tempera™  ’  P  °  When  the  cells  are  sub™tted 

whoTl'nShisgXeIevltiotnntniv1ihn<l  ^t,ten.ti°1^,  of,  P-  A.  Dangeard. 

cessively  as  microsomes,  sphero^ome^ rv!^  described  them  sue- 
This  investigator  made  of  them  n  n  ’  V  0S0Jnes  and  liposomes. 
which  he  designated  first  as 
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as  ergastome.  The  terms  cytosomes  and  cytome  were  first  created 
by  P.  A.  Dangeard  to  replace  those  of  spherosomes  and  spherome, 
which  were  applied  to  the  lipide  granules  in  question  here. 
This  writer,  perceiving  later  that,  as  well  as  these  granules, 
there  also  exist  chondriosomes,  whose  reality  up  to  then  he  had 
refused  to  admit,  substituted  the  above  terms  for  those  of  chondrio¬ 
somes  and  chondriome  and  made  the  distinction,  from  that  time  on, 
between  the  cytome  corresponding  to  the  chondriome  and  the  ergas¬ 
tome  which  includes  all  the  lipide  granules  of  a  cell  and  for 

which  he  reserved  the  term  lipo¬ 
some.  Here  is  the  description 
which  he  gives  of  them  (1919): 
“The  spherome  is  composed  of  all 
the  microsomes.  The  microsomes 
are  small,  very  refractive  sphero¬ 
somes  of  a  fatty  appearance  w'hich 
blacken  more  or  less  with  osmic 
acid.”  P.  A.  Dangeard,  contrary 
to  our  judgment,  maintained  that 
it  is  the  microsomes,  with  the  ele¬ 
ments  of  the  vacuome,  w’hich  rep¬ 
resent  wrhat  the  cytologists  had 
for  a  long  time  been  calling 
chondriosomes.  At  the  present 
time,  Dangeard  seems  to  have  re¬ 
nounced  this  opinion.  Kozlow- 
SKI  also  confused  these  same 
granules  with  the  chondriosomes. 
After  observing  only  living  mate¬ 
rial,  he  maintained  that  plastids 
arise  by  simple  agglomeration  of 
these  granules. 

Reserve  lipides  which  are 
found  in  many  cells  appear,  in  the 
— -  '  cytoplasm,  like  the  microsomes 

stained  with  haematoxylin.  C,  Cht  chon-  .  .  .  i  ^  u. j;0pnCC 

drioconts;  Gr ,  lipide  granules,  brown  which  WG  ll&VG  JUSt  06611  Q1SCUSS- 
with  osmium:  N.  nucleus,  sufficiently  de-  •  u Rre  r»reSent  in  mUCll  great- 
stained  in  A  and  C  to  show  structure.  ®  ,  1 1 

er  quantity.  In  endosperm  cells 
of  the  castor  bean  for  example,  at  the  period  immediately  preceding 
the  maturation  of  the  seed,  there  are  seen  to  form  abruptly  in  the 
cytoplasm,  numerous  small  granules  comparable  to  those 
which  normally  exist  in  every  cell  and  which  present  the  same 
histochemical  characteristics.  These  finally  fill  the  cytoplasm  com¬ 
pletely  and  then  fuse  into  large  lipide  globules.  In  the  cytoplasm 
of  some  filaments  of  Saprolegnia,  especially  in  the  extremities  ot 
the  filaments  which  will  form  the  zoosporangia,  numerous  granules 
are  also  seen  to  appear  which  are  comparable  to  the  sm 
microsomes  encountered  in  the  other  filaments.  These  fuse  later 
into  larger  globules  which  accumulate  in  the  zoospores  and  serve 

as  reserves. 


fSiif 
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Fig.  141.  —  Endomycea  Magnuaii.  A-C. 

Resraud's  method;  D,  Meves’  method:  pvtonlaSlTl 
nTvIln.  C,  Ch,  chon-  J'  D  * 
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Fatty  degeneration:-  Fatty  degeneration  which  is  exhibited  by 
many  cells  at  the  end  of  their  development,  especially  in  the  fungi, 
is  also  brought  about  by  the  increasingly  large  production  of 
granules,  similar  to  the  microsomes,  which  run  together  into 
large  globules.  This  process  seems  to  correspond  to  a  lipophanero- 
sis  i.e.,  a  breaking  down  of  the  lipides,  of  the  lipoprotein  com¬ 
pounds  which  comprise  the  cytoplasm. 

Essential  oils  and  resins  likewise  appear  as  small  globules  in 
the  cytoplasm  and  their  very  refractive  appearance  and  their  histo- 
chemical  reactions  greatly  resemble  those  of  the  lipide  granules, 
from  which  they  are  only  with  difficulty  distinguished. 


Other  metabolic  products:-  The  cytoplasm  of  plant  cells  may 
contain  a  great  number  of  other  substances  arising  from  cellular 
metabolism.  These  substances,  however,  are  not  constant  like 
those  mentioned  above  and  are  de¬ 
termined  by  certain  physiological 
states  of  the  cell.  Some  of  these 
products  are  inclusions  in  the 
cytoplasm. 

Among  them  must  be  men¬ 
tioned  that  which  is  called  ftorid- 
ean  starch  or  starch  of  the  Rhodo- 
phyceae.  It  differs  essentially 
from  ordinary  starch  by  the  fact 
that  it  is  not  formed  in  plastids 
but  appears  in  the  cytoplasm. 

This  starch  becomes  visible  in  the 
cytoplasm  as  granules  of  variable 
dimensions,  some  extremely  small, 
a  fraction  of  a  p,  others  of  a  diam¬ 
eter  which  may  exceed  20-30^. 

These  variously  shaped  granules 

ifThlv  Oplan.°-Convex-  bi-concave,  discs  etc.)  are  doubly  refractive 

with  iodine  ^Vch^’  fnd,stain  mahogany-brown  to  violet-red 
w  V  t V  Th<r  chemical  nature  of  this  “floridean  starch”  is  not 

sss  ssri ‘Jaffa  S,Mt 

related  to  the  glycogens  fFRRFRA°  pG  co™posed  a  substance 

<alial°thS)  S‘UI,imperfectly  known  (GufcUEN)  "*  Pr°dUCtS 

Of  paramy  him°  characteristic^of^ thi^Plw^  kevy.ise  found  granules 
Ules  appear  in  the  cvtonlal  f  a  Phytoflagellates.  These  gran- 

forth,  showing  alternate  y  dark  anTrTf8"18’  r°ds’  stars  apd  80 
the  starch  grains  They  1  not  s£L ti  TZ ^  Iike 

compared  to  starch.  Mention  must  also  be  madJof  5^ 


— C  A. 


Fig.  142.  —  Philodendron.  Secretion 
canal  of  an  aerial  root.  C,  lumen  of  the 
canal;  C.a.,  secreting  cells;  E,  fatty  se¬ 
cretion  blackened  by  osmic  acid;  M,  chon- 
driosomes;  N,  nucleus;  P,  plastids.  Meves' 
method  with  acid  fuchsin.  (After  Miss 
Popovici). 
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a  substance  related  to  glycogen  which  is  sometimes  encountered  in 
bacteria  and  Phytoflagellates  as  granules  which  stain  brown  with 
iodine. 


FlG.  143.  —  Iris  germanica.  Chondrio- 
somes  (Af)  and  plastids  (P)  in  the  form 
of  chondrioconts  in  epidermal  cells  of  the 
leaf.  1,  living  material.  2,  Meves' 
method  with  acid  fuchsin.  3,  Regaud  s 
method.  Lipide  granules  (Gl)  very 
refractive  in  1,  blackened  by  osmium  in 
2,  not  preserved  in  3. 


Protein  crystalloids  are  sometimes  encountered  also  in  the  cyto¬ 
plasm.  In  the  tubers  of  white  potatoes,  for  example,  a  crystalloid 
of  protein  is  found  in  the  cytoplasm  of  most  of  the  cells.  It  is 
rather  large  and  cubical  in  shape  and  is  deeply  stained  by _  iron 
haematoxylin.  Similar  variously-shaped  crystalloids 
shaped  cubical  etc.)  often  exist  in  the  plectenchyma  of  the  capo 
spore  of  the  Agaricaceae  and  in  the  mycelium  of  Spermophthora 
fossypl  as  well  as  in  the  Mucors  in  which  they  have  been .de¬ 
scribed  under  the  name  of  crystalloids  of  mucon"en^^.TfnG”™)n 
It  is  suitable  also  to  mention  a  voluminous  sphenca  'ncluS; 
which  is  present  in  the  cytoplasm  of  certain  special  ce 
ous  Rhodophyceae.  This  is  called  an  iodine  reservoir  ( Fr 
•  /  \  : vprv  refractive  and  occupies  the  major  part  of  t 

"jr Its’  nature  is  st  11  unknown  but  it  seems  to  contain  iodine 
'vtch  is  ?ree  or  in  the  state  of  an  unstable  compound  released 

brom i ne.C ^e t^ u s  mention* f u rt h ermo re  that  there  exist  in  the  proto- 
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plasm  of  the  Thiobacteriales,  very  refractive  granules  which  appear 
to  be  sulphur. 

Many  metabolic  products  are  diffuse  in  the  cytoplasm  and  cannot 
be  detected,  but  others  can  be  brought  out  by  microchemical  re¬ 
agents.  Among  these  is  glycogen  which  is  so  widely  distributed  in 
fungi  (Fig.  145)  and  which  can  be  detected  by  the  iodine-potassium 


Spermophthora  gossypii.  1,  2,  Filaments  with  crystals  of  protein. 


Fig.  144  (left).  - 
3,  Detail  of  crystals. 

« ~Endo™y™  Magnusii.  Living  oidia  and  tip  of  a  filament  treated 

nnrti  ^  wide'  S™a  ,  ? cfc,a-b1row"  areas  of  glycogen  ( GL )  are  sometimes  near  the 
nuclei  (N)  but  are  not  related  to  the  chondriosomes  (C).  L,  lipide  granules. 


iodide  reagent,  giving  a  mahogany-brown  color.  This  product  ap¬ 
pears  directly  in  the  cytoplasm,  generally  around  the  vacuoles,  or 
the  nuclei,  in  small  areas  which  later  run  together  and  fill  the  entire 
cytoplasm.  At  times  when  it  accumulates  in  too  great  quantity  in 
the  cytoplasm,  the  glycogen  may  even  spread  out  into  the  vacuoles, 
1i°ften  18  Palpitated  as  small  slightly  refractive  globules. 
Lastly  there  are  the  amyloids,  substances  colored  blue  by  iodine 
which  are  diffused  in  the  cytoplasm  of  some  bacteria. 


Chapter  XIX 

CYTOPLASMIC  ALTERATIONS 

It  is  impossible  to  discuss  fully  the  vast  and,  moreover,  incom¬ 
pletely  known,  question  of  cytoplasmic  alterations.  We  shall  con- 
sidei  very  briefly:  (1)  the  disturbances  which  accompany  the  nat¬ 
ural  death  of  cells;  (2)  the  morphological  alterations  which  vari¬ 
ous  physical  agents  provoke  in  cells;  (3)  the  reactions  shown  by 
the  cytoplasm  and  its  morphological  constituents  under  the  influ¬ 
ence  of  parasites. 


Alterations  produced  in  dying  cells:-  When  living  cells  of  any 
tissue  are  examined,  even  in  Ringer’s  solution,  it  is  always  seen 
that  they  more  or  less  quickly  manifest  thos'e  signs  of  alteration 
which,  sooner  or  later,  end  in  their  death.  Such  alterations  seem 
inevitable.  They  are  explained  by  the  artificiality  of  the  medium 
in  which  the  cells  are  placed,  by  the  pressure  of  the  cover  glass, 
by  the  lack  of  air,  and  by  the  too  intense  lighting  which  is,  never¬ 
theless,  necessary  for  observation.  This  is  what  makes  the  study 
of  living  material  so  difficult.  One  manages  to  retard  these  altera¬ 
tions  by  examining  leaves  or  bracts  which  are  protected  by  their 
cuticle  but  are  so  thin  as  to  be  transparent.  The  cells  are  altered, 
however,  in  the  region  where  the  organ  has  been  severed  from 
the  plant  and  the  alteration  is  then  transmitted,  more  or  less  rap¬ 
idly,  to  all  the  cells.  The  complicating  factor  is  that  one  can  not 
know  exactly  when  the  alteration  of  the  cell  begins.  By  the  move¬ 
ments  of  the  cytoplasm,  it  is  possible  to  determine  whether  a  cell 
is  living.  As  long  as  cytoplasmic  movements  continue,  the  cell  is 
living  and  does  not  present  any  important  alteration.  Neverthe¬ 
less,  cytoplasmic  movements  do  not  prove  that  the  cell  has  not 
already  manifested  alterations,  for,  in  general,  all  wounding  causes 
marked  acceleration  of  the  cytoplasmic  currents  and  there  are  cells 
in  which  these  movements  are  to  be  induced  only  by  lesion.  The 
alteration  of  the  cytoplasm  is  manifested  by  a  thickening  of  the 
chondriosomes  and  of  the  plastids,  soon  afterward  accompanied  by 
their  transformation  into  vesicles  and  later,  by  interruption  ot 
cytoplasmic  circulation  and  its  replacement  by  Brownian  move- 

mGIIt  is  difficult  to  know  where  the  first  alterations  of  the  cell 
begin.  We  possess  relatively  accurate  data  as  to  the  moment  at 
which  death  of  the  cell  occurs.  A  first  sign  <jf  death  in  a |CeU 
shown  when  the  vacuole,  stained  with  neutral  red  (the  only 
ment  stained  in  the  living  cell),  abruptly  loses  its  “lor  and  the 
dye  is  taken  up  by  the  nucleus  and  cytoplasm.  This  1S  a  un‘versa' 
phenomenon  which  seems  to  be  brought  about  by  a  mod-fication  of 

the  perivacuolar  membrane,  permitting  diffusion  hfi  oomDared  to 
mulated  in  the  vacuole.  This  phenomenon  may  be  compared 
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that  of  nuclear  autochromatism  reported  in  certain  cells  whose 
vacuoles  contain  anthocyanin  (P.  A.  Dangeard,  Moreau,  Guillier- 
mond).  These  writers  observed  that  at  the  moment  of  death  of 
these  cells,  the  vacuoles  lose  their  color  and  the  pigment  becomes 
localized  in  the  cytoplasm  and  especially  in  the  nucleus.  This  phe¬ 
nomenon  is  observed  particularly  in  the  final  stages  of  plasmolysis. 

Becquerel  advocates  the  use  of  a  mixture  of  neutral  red  and 
methylene  blue.  Neutral  red  stains  the  vacuoles  of  living  cells  and 
the  less  penetrating  methylene  blue  colors  only  the  cytoplasm 
of  dead  cells.  The  examination  of  the  cells  with  the  ultramicro¬ 
scope,  as  has  been  seen,  makes  it  easily  possible  to  determine  the 
moment  when  the  cell  dies. 

As  soon  as  death  occurs,  i.e.,  the  coagulation  of  the  cytoplasm, 
one  witnesses  a  series  of  phenomena, 
designated  as  autolysis,  which  consist 
of  an  autodigestion  of  the  protoplasm 
under  the  action  of  intracellular  proteo¬ 
lytic  enzymes.  The  enzymes,  whose  ac¬ 
tion  is  no  longer  inhibited,  induce  modi¬ 
fications  in  the  cell,  characteristic  of 
degeneration,  i.e.,  cellular  necrobiosis. 

This  consists  essentially  of  an  autoly¬ 
sis,  i.e.,  of  a  digestion,  starting  in  the 
interior  of  the  cell  itself  and  instigated 
by  the  enzymes.  These  enzymes,  al¬ 
though  present  during  life,  do  not  act 
on  living  material  because  of  some  still 
unknown  mechanism. 


cells  of  red  and  yellow  petals.  1, 
living  and  plasmolyzed.  2,  dead, 
plastids  vesiculated.  4.  myelin  fig¬ 
ures  formed  by  the  cytoplasm  dur¬ 
ing  plasmolysis.  M,  chromoplasts; 
N,  nucleus;  V,  vacuole  containing 
anthocyanin. 


The  modifications  generally  pro¬ 
duced  in  the  cell  take  the  form  of  more 
and  more  marked  vesiculation  of  the 
chondriosomes  and  plastids,  bringing 
about  the  alveolar  structure  described 
by  Butschli.  The  mitochondrial  vesi- 

wall  fhhlCl!  3r?  °ften  enorm°us,  sometimes  finally  burst  Their 

memnbranetLrndeSroyedUOThCiffSnt0,eXiSt  When  the  P^ivacuolar 
Plasm  which  becomeys  detaAed  from  the"  C“ion,of  the  cyto- 

r^ranu,ar-av^- 

The  degeneration  of  the  enidemvfl  ^  r  •  j  . 

mg  of  the  flower,  involves  curion^h^  f  /rw  durmg  the  fad‘ 

chondriosomes  and  plastids  ThpPni  °5\ena  associated  with  the 
plasts  and  chromoplasts)  fill  with  nP  astlds./IeucoPlasts,  chloro- 
Which  reduce  osmfum  Tliese  well  °f  SmaU  granules 

enormous  vesicles.  Then  the  contour  of  °n  the  aspect  of 
loses  its  distinctness  and  finally  become*'  *  ,veslcIes  gradually 
of  the  vesicle,  therefore,  on"y  a  Z  ft  ,There  remain* 

’  y  a  mass  of  *Plde  globules  which  have 
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a  tendency  to  fuse  into  large  globules,  while  the  substratum  of  the 
plastid  is  reduced  to  a  great  number  of  small  granules  which 
soon  disappear.  At  the  same  time,  the  chondriosomes  swell  and 
become  vesicular,  as  do  the  lipide  granules.  Eventually  there 
persist  in  the  cytoplasm  only  large  lipide  globules,  produced  by  the 
disorganization  of  the  plastids. 

In  the  chlorophyll-containing  tissue,  these 
globules  appear  green  and  in  cells  enclosing 
xanthophyll  they  appear  yellow,  the  pigments 
having  dissolved  in  the  lipides  during  degenera¬ 
tion.  These  modifications  seem  to  be  due  to  a 
breaking  down  of  the  lipides  in  the  lipoprotein 
complex  comprising  the  plastids  (lipophanero- 
sis).  It  is  apparently  phenomena  of  this  same 
order,  produced  in  the  cytoplasm  itself,  which 
bring  about  the  fatty  degeneration  so  often  found 
in  animal  cells  and  in  fungi. 

In  other  flowers  ( Gladiolus ,  tulip,  Clivia) ,  only 
the  vesiculation  of  the  plastids  and  chondriosomes 
is  observed.  The  vesicles  burst  and  disintegrate 
into  small  refractive  granules  which  are  scattered 
in  the  cytoplasm  and  do  not  reduce  osmium. 
There  is  no  fatty  degeneration. 


Alterations  produced  by  various  physical 
agents:-  Radiations  of  short  wave  length,  ultra¬ 
violet  rays  and  X  rays,  as  well  as  «  particles 
emitted  by  radioactive  bodies,  destroy  living  cells, 
but  this  destruction,  especially  by  X  ray  and  « 
particles  is  not  instantaneous.  It  is,  on  the  con¬ 
trary,  preceded  by  very  complex  phenomena  con¬ 
cerning  which  we  have,  as  yet,  very  little  pre¬ 
cise  knowledge. 

The  action  of  ultraviolet  rays  and  X  rays  on 
the  morphological  constituents  of  the  cytoplasm 
is  recorded  largely  in  the  work  of  Nadson  and 
his  students  Rochlin  and  Stern.  These  investi¬ 
gations  have  used  as  subjects,  various  yeasts  and 
the  epidermal  cells  of  Allium  Cepa.  These  work¬ 
ers  report  in  all  cases  that  radiation  produced 
first  an  excitation  of  cytoplasmic  activity.  The 
currents  become  more  rapid,  the  cytoplasm  forms  amoeboid  pro¬ 
longations  in  the  direction  of  the  vacuole,  causing  it  constantly  to 
be  deformed.  In  the  second  phase,  the  vacuoles  return  to  t 
previous  shape.  At  the  same  time  hp.de  droplets  form  in  la.ge 
numbers  in  the  cytoplasm,  in  the  chondriosomes  and  in  the  plas 
tids  Finally,  plasmolysis  occurs  and  the  cells  soon  die. 

i 


Fig.  147.  —  Iris 

germanica.  Epidermal 
cell  of  a  leaf  plas- 
molyzed  in  a  5% 
NaCl  solution  with 
neutral  red  added. 
Cell  contents  form  a 
large  ball  in  the  cen¬ 
ter  of  the  cell  con¬ 
nected  to  the  wall  by 
slender  threads  which 
are  enlarged  here  and 
there.  Cv,  bodies  pre¬ 
cipitated  from  the 
colloidal  contents  of 
the  vacuole  by  the 
dye:  V,  vacuole 

stained  with  neutral 
red:  C,  chondrio¬ 

somes:  Af,  mitochon¬ 
dria:  N.  nucleus;  Fm, 
structures  resembling 
myelin  figures  pro¬ 
duced  from  the  cyto¬ 
plasm. 
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ome.  Now  this  action  seems  to  be  very  slight.  The  chondriome, 
so  sensitive  to  most  exterior  agents,  is  only  very  gradually  injured. 
The  lesions  consist  of  a  vesiculization  of  the  chondriosomes  and  of 
the  plastids,  accompanied  by  their  fatty  degeneration  (lipophanero- 
sis).  In  short,  the  effect  of  radium  salts  is  to  accelerate  the  de¬ 
generation  which  would  normally  be  produced  much  later  on. 

Plasmolysis  leads  to  interesting  modifications  of  the  cell.  My¬ 
elin  figures  appear  in  the  cytoplasm  (Figs.  146-148)  in  the  form 
of  pediculate  buds  on  the  border  of  the  vacuole,  which  are  capable 
of  being  detached  and  of  emigrating  into  the  vacuoles.  These  fig¬ 
ures  do  not  seem  to  be  doubly  refractive.  They  may  perhaps  be 
attributed  to  a  sort  of  unmasking  of  the  cytoplasmic  lipides.  Dur¬ 
ing  plasmolysis,  there  is  also  often  observed  a  fragmentation  of 
the  vacuole  into  small  filamentous  or  reticulate  elements.  The 
chondriosomes  and  plastids  are  not  modified  as  long  as  the  cell 
remains  living,  but  they  become  vesiculate  as  soon 
as  the  cell  dies  (Guilliermond,  Kuster).  Let  us 
add  that  plasmolysis  of  living  but  injured  cells 
produces  the  curious  phenomenon  described  by 
Kuster  as  plasmoschism,  in  which  the  permeabil¬ 
ity  of  the  ectoplasmic  membrane  is  so  greatly 
increased  that  it  no  longer  inhibits  penetra¬ 
tion.  The  perivacuolar  membrane,  however,  re¬ 
tains  its  semi-permeability  and  so  the  vacuole  con¬ 
tracts  but  the  irremediably  injured  cytoplasm  is 
stretched,  taking  very  irregular  shapes  and 
breaking  apart. 

The  study  of  the  death  of  cells  by  freezing 
gave  rise  to  the  work  of  Matruchot  and  Molli- 
ard  who  thought  that  freezing  brought  about 
plasmolysis  because  the  cold  causes  dehydration. 

According  to  Becquerel  death  by  coagulation  re¬ 
sults  from  syneresis. 

of  rtWllyol1tw-irVeStifgati?nS  0,f  Miss-  Rollen  concerning  the  action 
that  tw  chlo,r  ?e’  octano1  and  amyl  alcohols  on  cells  has  shown 

cavulation  ofttToVdr^^ P'aSm°lySiS  °f  the  a"d  the 

of  the  cytoplasVbrparaLteT^re  wi^hfittir0<hSSeS  °f  a,teration 
modifications  in  plastids  in  phnnriy-  G  y  ^  e  krlown-  However, 
been  described.  Beauverie  found  i  Iosor^es  an^  in  vacuoles  have 
and  chondriosomes  in  certain  the  chloroPlasts 

by  modifications  produced  by  the  parasite^ir^the  e*.plains  this 
the  cells  because  the  namsitp  !  parasite  in  the  osmotic  state  of 

stances.  Beauverie  says",  however  That  the? ™GS  and  t0Xic  sub" 
nection  with  necrosis,  and  not  whontiff  these  .fPPear  only  in  con- 
?ty»  as  in  the  case  of  tumors  or  TnZit  CaUSe  ov^activ- 

m  which  the  alteration  takes  the  form  nf  ?°geneSiS*  In  the  case 
ber  Of  chloroplasts  in  a  cell  attacked  in  the  TduT state"  fteir  $£ 


Fig.  148.  —  Iris. 
Figures  like  myelin 
figures  in  a  plasmo- 
lyzed  epidermal  cell. 
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appearance  and  the  phenomena  which  accompany  it,  must  take 
place  very  quickly,  and  generally  escape  notice,  for  here  we  are 
dealing  with  disturbed  equilibrium  which  is,  of  necessity,  tempo¬ 
rary.  In  an  attempt  to  avoid  this  difficulty  and  find  out  what 
occurs  at  the  moment  when  the  parasite  exerts  its  disorganizing 
action,  Beauverie  experimented  with  various  substances  which  act 
upon  living  tissue  (notably  anisotropic  solutions  and  certain  sub¬ 
stances  such  as  saponin,  which  lowers  the  surface  tension,  choles¬ 
terol  and  ether  which  modify  the  water  content  of  the  plastids, 
etc.) .  He  observed  particularly  the  effects  produced  on  the  plastids 
and  chondriosomes.  Among  his  results  we  find  that  the  chloro- 
plasts  may  degenerate  by  spreading  out  and  fusing  or,  under  other 
'  conditions,  may  swell  into  relatively  enormous  vesicles  which  the 
green  pigment  covers  like  a  cap.  These  phenomena  may  or  may 
not  be  accompanied  by  lipophanerosis. 

Beauverie  tried  to  show  that  in  certain  cases  of  parasitism  the 
plastids  have  a  tendency  to  become  more  fragile  ( fragilization ) 
which  is  manifested  by  their  greater  sensitivity  to  anisotonic  action. 
This  must  be  a  condition  preceding  their  disappearance  in  the  para¬ 
sitized  cell.  This  diminution  of  resistance  in  the  plastids  in  some 
pathological  states  brings  to  mind  observations  made  on  blood  glob¬ 
ules  under  similar  conditions  (hemolysis). 

Beauverie  and  other  writers  have  also  found  a  fatty  degenera¬ 


tion  of  the  plastids,  analogous  to  that  observed  in  the  natural  de¬ 
generation  of  cells  of  some  plants  (Iris  discussed  above).  Vesicu- 
lation  of  the  chondriosomes  was  also  observed. 

In  all  cases  in  which  parasitisms  has  an  exciting  action  on  the 
tissues  of  the  host,  this  action  seems  to  be  manifested  by  an  exag¬ 
gerated  activity  of  the  plastids,  if  we  may  judge  from  the  similar 
results  of  various  investigations  on  the  subject. 

Several  authors,  Ljubimenko,  Ducomet,  Morquer,  Beauverie, 
Miss  Ruth  Allen,  and  Dufrenoy,  have  cited  cases  in  which  the 
parasite  not  only  does  not  bring  about  a  degeneration  of  the  chloro- 
plasts,  but  can  induce  manifestations  of  super  activity,  for  ex¬ 
ample,  the  production  of  starch  more  intensely  in  the  parasitized, 

than  in  the  healthy,  portion  of  the  tissue.  The  T^  ^at  imra- 
frenoy  on  a  certain  number  of  diseases  seems  to  show  that  para 
sites  have  an  exciting  action  on  the  tissues  of  the  host  which  is 
manifested  by  an  exaggerated  plastidial  activity.  There  may  be  a 
superabundance  ^f  staJch  which  results  in  a  rather  considerable 
increase  in  leucoplasts.  These  investigations  also  show  us  that 

observed  in  embryonic  cells.  w«um  seem  ^  ^  surfaces 

and  L  —  — 
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plasmic  constituents,  during  which  soluble  nitrogenous  matter  and 
lipide  droplets  are  set  free.  In  plants  which  resist  infection,  the 
action  of  the  parasite  brings  about  an  intense  production  of  tannins 
and  anthocyanin  pigments. 
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In  the  account  which  has  just  been  given,  an  endeavor  has 
been  made  to  set  forth  all  the  facts  now  known  concerning  the 
cytoplasm  and  the  considerable  progress  which  has  been  made  dur¬ 
ing  these  last  years  with  regard  to  this  important  question.  Until 
1910,  there  were  only  hypothetical  and  quite  fragmentary  data  on 
the  cytoplasm,  although  the  nucleus  had  been  exclusively  studied. 
At  the  present  time,  the  subject  of  the  physical  constitution  of  the 
cytoplasm  has  made  rapid  progress  and  its  morphological  consti¬ 
tution  is  today  definitively  clarified.  In  concluding  this  volume, 
it  is  well  to  summarize  the  knowledge  which  we  possess  on  the 
subject  at  the  present  time,  in  order  to  bring  out  essential  features 
and,  above  all,  to  give  a  comprehensive  view  of  the  morphological 
constitution  of  the  cytoplasm. 

Recent  investigations  have  shown  the  cytoplasm  to  be  a  very 
complex  heterogeneous  structure. 


Cytoplasm:-  It  is  now  proved  that  the  cytoplasm,  to  which  cy- 
tologists  until  1908  had  attributed  a  special  structure,  generally 
reticular  or  alveolar,  appears,  on  the  contrary,  as  a  homogeneous 
and  transparent  substance.  It  is  essentially  composed  of  a 
lipoprotein  complex  (protein,  about  55%  and  lipides  about 
15%  of  dry  weight)  in  pseudosolution  in  water  (about  80-90%) 
containing  mineral  salts.  Cytoplasm  offers  characteristics  inter¬ 
mediate  between  liquids  and  solids.  It  is  fluid,  it  moves  and  it 
exhibits  surface  tension,  i.e.,  whenever  it  is  extracted  from  the 
cell  it  tends  to  take  the  shape  of  minimum  surface,  namely,  the 
spherical  form.  These  are  properties  of  liquids.  But  it  also  has 
rigidity,  giving  it  a  torsion  elasticity  which  is  a  property  of  solids. 
Its  viscosity  has  been  measured  and  found  to  vary  according  to .the 
physiological  state  of  the  cell  and  the  physical  condition  in  which 
the  cell  is  placed.  Its  viscosity  is  always  superior  to  that  of  water 
but  may  be  very  much  higher  and  comparable  to  that  of  glyce™ 
or  even  of  oil  of  vaseline.  In  dehydrated  organs,  the  cytoplasm 

mav  become  more  or  less  solid.  .  » 

Since  the  celebrated  work  of  Mayer  and  Schaeffer  on  a"‘"\al 
cells  (1908),  confirmed  by  that  of  Lapicque,  Becquerel  andGurb- 
liermond  on  plant  cells,  it  has  been  recognized  the  cytoplasm 

of  living  cells  always  appears  optically  emp  y  un  behaves 

scope  just  as  do  solutions  of  nucleoprotein.  The  cytoplasm  bena 
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ules  which  render  it  entirely  luminous.  It  takes  on  the  aspect  of 
a  lump  of  snow  and  is  then  coagulated. 

Since  the  work  of  Mayer  and  Schaeffer,  it  has  been  believed 
that  the  cytoplasm  is  in  the  state  of  a  fluid  hydrogel.  Nevertheless, 
the  cytoplasm  differs  essentially  from  gels  by  the  fact  that  it  is  not 
miscible  with  water.  Because  of  this  special  characteristic,  Bot- 
tazzi  had  given  to  the  colloidal  system  existing  only  in  plant  cells, 
the  name  gliode.  It  seems  to  us  at  the  present ,  time,  in  conse¬ 
quence  of  the  research  of  Bungenberg  de  Jong,  that  it  can  be 
likened  to  a  coacervate  system. 

Excluding  the  bacteria  and  Cyanophyceae  (inferior  organisms 
with  a  very  primitive  structure),  investigations  of  plant  cells  since 
1910  have  proved  that  each  cell,  and  this  is  also  true  for  animals, 
can  be  considered  as  containing  permanently  in  suspension  in  its 
homogeneous  and  transparent  cytoplasm,  small  elements  present¬ 
ing  well  defined  morphological  and  histochemical  characteristics, 
namely,  the  chondriosomes.  These  appear  as  cellular  entities.  The 
entire  group  of  them  in  a  cell  constitutes  the  chondriome.  To¬ 
gether  with  these  elements,  there  are  found  in  the  cytoplasm  of 
green  plants  other  cellular  entities,  presenting  during  functional 
inactivity  the  same  forms  and  the  same  histochemical  character¬ 
istics  as  the  chondriosomes,  therefore  closely  related  to  them,  and 
indistinguishable  from  them  except  for  an  ability  to  manufacture 
chlorophyll  and  starch.  These  are  the  plastids  which  can  be  con¬ 
sidered  as  a  variety  of  chondriosome  peculiar  to  chlorophyll-con¬ 
taining  plants  and  existing  because  of  the  photosynthetic  processes 
which  characterize  green  plants. 


Finally,  every  cell,  even  those  of  bacteria  and  the  Cyanophy¬ 
ceae,  contains  a  vacuolar  system  or  vacuome.  and  in  addition  a 


distributed  among  the  spores.  This 
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possible  to  demonstrate  but  is  proved  without  a  doubt  in  the  case 
of  the  plastids  which  appear  to  be  only  a  special  category  of  chon- 
driosomes,  and  furnish  an  important  though  indirect  argument  in 
favor  of  this  opinion. 

The  chondriosomes  are  visible  in  living  material  in  which  they 
appear  as  slightly  refractive  elements  whose  forms  are  exactly  like 
those  obtained  in  fixed  preparations.  They  are  more  difficult  to 


Fig.  149.  - 
chondriome  in 
chondriosomes. 
starch. 


-  Diagram  of  the  development  of  the 
Phanerogams.  A,  plastids.  B.  genuine 
I,  stem  and  leaves.  II.  root.  A, 
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and  are  not  displaced  by  centrifuging.  They  behave  like  extremely 
fragile  elements,  changing  very  readily  under  various  physico¬ 
chemical  influences  (disturbances  in  osmotic  equilibrium,  pressure 
on  the  cover  glass).  When  altered,  they  swell  and  then  become 
transformed  into  large  vesicles  (cavulation) . 

Living  chondriosomes  can  be  stained  with  Janus  green,  Dahlia 
violet,  methyl  violet  and  other  dyes.  Staining  of  the  chondrio¬ 
somes  is  vital  only  if  these  dyes  are  used  at  very  low  concentra¬ 
tions.  Otherwise  it  is  sublethal  and  after  a  certain  time  causes  the 


death  of  the  cells. 

J SC  £ 

absolutely  different  from  that  of  nh  a  °*\of  thf  ch°ndriosomes  is 
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There  has  been  attributed  to  chondriosomes  in  animal  cells  a 
preponderant  and  direct  role  in  the  elaboration  of  metabolic  prod¬ 
ucts  :  fats,  granules  resulting  from  all  sorts  of  secretion,  pigments. 
According  to  this  conception  the  chondriosomes  have  a  role  rather 
analogous  to  that  of  plastids  in  chlorophyll-containing  plants. 
This  conception  seemed,  for  a  while,  all  the  better  established  since 
the  later  research  in  plant  cytology  shows  that  the  plastids  of  the 
phanerogams  have  exactly  the  same  morphological  and  histochem- 
ical  characteristics  as  the  chondriosomes.  Further  research  did 
not,  however,  confirm  this  role,  at  least,  in  most  cases,  and  if  it 
exists,  it  is  very  limited.  The  role  of  the  chondriosomes  is  still 
unknown.  Nevertheless  the  fact  that  they  are  closely  related  to 
the  plastids  of  chlorophyll-containing  plants  permits  us  to  imagine 
that  the  chondriosomes  have  a  very  important  function  in  cellular 
metabolism. 


The  plastids:-  The  cells  of  chlorophyll-containing  plants  are 
distinguished  from  the  cells  of  animals  and  fungi  by  the  presence 
of  a  second  category  of  organelles,  the  plastids.  It  is  definitively 
proved  that  these  are  organelles  which  form  only  by  division  of 
pre-existing  plastids  and  which  maintain  their  individuality  in  the 
course  of  development.  In  those  higher  plants  in  which  chlorophyll 
is  not  continuously  elaborated,  the  plastids  which  are  functionally 
inactive  have  the  same  forms  and  the  same  histochemical  charac¬ 
teristics  as  the  chondriosomes,  among  which  they  can  not  be  identi¬ 
fied  in  embryonic  cells.  Forming  with  them  a  chondriome  of  homo¬ 
geneous  appearance,  the  plastids  are  distinguishable  only  by  their 
power,  during  cellular  differentiation,  of  elaborating  or  accumulat¬ 
ing  chlorophyll,  carotinoid  pigments  and  starch,  and  by  the  fact 
that  the  products  which  they  engender  modify  their  shapes.  This 
modification  is  only  transitory  in  the  case  of  starch.  The  starch 
grain  formed  within  the  plastid  is  hydrolyzed  in  the  interior  of 
the  plastid  which  then  recovers  its  inactive  shape  until  such  time 
as  there  is  a  new  elaboration  of  starch.  Depending  upon  the  case 
in  question,  the  plastid  is  transitory  or  permanent.  During  the 
production  of  chlorophyll,  the  plastid,  in  filling  up  with  pigment, 
hypertrophies  and  appears  as  a  large  spherical  body.  It  may  re¬ 
main  indefinitely  in  this  state  or,  in  some  cases,  it  may  lose  its 
chlorophyll  and  appear  again  as  a  minute  chondriosome.  Pla 
exist,  many  algae  and  bryophytes  for  example  in  which  chloro¬ 
phyll  is  permanently  secreted  and  in  which  all  the  cells,  at 
same  time  contain  both  large  highly  differentiated  chloroplasts 
and  smT’chondriosomes.  both  transmitted  by  division  rom  cell 
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much  smaller  chloroplast,  provides  an  intermediate  step  between 
algae  which  have  only  a  single,  permanent,  very  differentiated, 
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As  the  plastids  have,  furthermore,  histochemical  and  histo- 
physical  characteristics  entirely  similar  to  those  of  the  chondrio- 
somes  (viscosity,  manner  of  alteration,  refraction,  behavior  in 
regard  to  fixatives  and  stains),  it  is  legitimate  to  put  them  in  the 
same  category.  The  plastids  may  be  considered  as  a  supplementary 
category  of  chondriosomes  connected  with  the  photosynthetic  func¬ 
tion  which  characterizes  green  plants.  Hence  we  are  led  to  think 
that  the  ordinary  chondriosomes  and  the  plastids,  by  virtue  of 
their  finely  divided  state  in  the  cytoplasm,  are  the  seat  of  impor¬ 
tant  surface  phenomena  and  that  they  have  a  similar  general  func¬ 
tion,  of  which  that  shown  by  the  plastids  is  one  manifestation. 


Vacuolar  system  or  vacuome:-  The  vacuolar  system,  or  vacu- 
ome,  is  represented  in  embryonic  cells  of  most  plants  by  numerous 
minute  inclusions  of  semi-fluid  consistency  composed  of  a  very 
concentrated  colloidal  solution  (in  the  state  of  a  hydrogel  or  co- 
acervate).  In  their  forms  (granules,  isolated  or  assembled  in 
chains,  undulating  filaments  often  anastomosing  into  a  network), 
they  sometimes  greatly  resemble  the  chondriosomes.  These  inclu¬ 
sions  are  occasionally  visible  in  living  material  because  they  are 
more  refractive  than  the  cytoplasm,  or  because  they  contain  antho- 
cyanin  pigments  which  give  them  a  natural  color.  They  are  most 
difficult  to  distinguish  under  the  ultramicroscope,  for  here  they 
look  like  chondriosomes.  They  can  be  easily  brought  out  with 
vital  stains  (neutral  red,  cresyl  blue,  Nile  blue),  for  which  they 
have  a  strong  predilection.  They  are  stained  homogeneously  and 
deeply  by  these  dyes  without  precipitation  of  the  enclosed  colloids. 
They  have  however,  less  affinity  for  chondriosomal  stains  (Janus 
green,  Dahlia  violet  and  methyl  violet)  which,  nevertheless,  also 
stain  them  when  they  contain  substances  capable  of  retaining  these 
dyes,  in  particular  phenol  compounds,  and  when  the  dyes  used 
are  of  certain  concentrations.  In  the  course  of  cel  ular  differentia¬ 
tion,  these  elements  swell  because  they  contain  colloids  in  pseu  o- 
solution  whose  capacity  for  taking  in  water  is  much  greater  than 
that  of  the  cytoplasm.  Thus  they  are  transformed  into  smaU, 
snherical  increasingly  fluid  vacuoles  (vacuoles  in  the  classical 
sense)  There  has  taken  place,  therefore,  a  transformation  of  the 
very  condensed  colloidal  substance,  of  which  they  seem  to  have 
been  formed  into  a  very  dilute  solution.  The  vacuoles  may  later 
fusLo  that  in  the  mature  cells,  there  is  formed  a  single  enormous 
vacuole  As  they  become  liquid,  the  vacuoles  cease  to  stain  homo- 
o-onennslv  and  deeply  with  vital  stains,  and  their  colloids  are  pre 

tint.  Sometimes  the  dyes  do  not  cause  a  and 

state  of  a  hydrogel  or  of  an  almost  solid  gel  whicn,  oy 
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may,  under  some  conditions,  separate  from  the  vacuolar  liquid 
{vacuolar  contraction) . 

The  large  vacuole  of  mature  cells  is  capable,  under  certain  influ¬ 
ences,  of  losing  its  water  and  of  fragmenting  into  minute,  semi¬ 
fluid,  chondriosome-shaped  elements.  The  various  aspects  of  the 
vacuolar  system  are,  therefore,  reversible  and  seem  to  depend  upon 
the  water  content  of  the  cytoplasm. 

Water  may  move  into  the  cytoplasm  and 
out  of  the  vacuoles  and  the  reverse  ac¬ 
tion  may  take  place.  The  vacuoles 
themselves,  during  dehydration  of  the 
seed,  are  capable  of  losing  water  to  the 
point  of  being  transformed  into  solid 
bodies  ( aleurone  grains)  which  later, 
at  germination,  again  become  vacuoles 
after  taking  in  water. 

Although  in  their  semi-fluid  state 
the  vacuoles  may  very  much  resemble 
the  chondriosomes  and  the  plastids, 
they  are  always  distinguishable  from 
these  elements  by  their  histochemical 
behavior,  notably  by  their  instantane¬ 
ous  staining  with  vital  dyes,  such  as 
neutral  red  and  cresyl  blue,  which  stain 
neither  the  chondriosomes  nor  the  plas¬ 
tids.  They  are  to  be  distinguished  from 
these  elements  also  by  the  fact  that  the 
staining  is  essentially  vital  and  ceases 
as  soon  as  death  of  the  cells  occurs, 
whereupon  the  protoplasm  is  stained. 

This  is  very  different  from  the  sub- 
lethal  staining  of  the  chondriome  which 
almost  never  occurs  except  in  dying  cells 
and  persists  after  the  death  of  the  cells. 

Furthermore,  the  histochemical  be¬ 
havior  of  the  vacuoles  is  very  variable 
and  even  the  chondriosome-shaped  vacuoles  differ  essentially  from 
the  chondriosomes,  by  the  fact  that  the  former  have  no  defined 
characteristics.  In  general,  they  do  not  stain  either  by  mito- 
^hniques  or  by  other  methods  of  fixation  but  in  all 
Tn  thp  ^  entiatld  PrfParatlons  they  appear  as  colorless  canaliculi 
m  WhlCh  they  are  Stained  by  mitochondrial  techniques’ 
hp/hthen  aPPeaT  as,sma11  vacuoles  in  which  the  colloidal  content 
hp  Gfn  pJeciP|teted  and  stained.  This  does  not  permit  them  to 
be  confused  with  the  chondriosomes.  Aleurone  grains  which  are 
dehjrdi-ateci  vacuoles,  always  stain  with  mitochondrial’  techniques 

nh,nt  fh0Ut  rhelr  contents  being  precipitated.  In  some  tower 
p  ants,  fungi  for  example,  the  chondriosome-shaped  vacuoles  con- 
tain  a  substance  called  metachromatin  canahlp  nf  •  • 

«...  .it.,  b..  whid,  **5  arts  s&kb 


Fig.  152.  —  Diagrammatic  re¬ 
presentation  of  the  vacuolar  sys¬ 
tem  in  phanerogam  cells  vitally 
stained  with  neutral  red.  1,  embry¬ 
onic  cell;  small,  semi-fluid,  chon¬ 
driosome-shaped  vacuoles  composed 
of  a  very  condensed  colloidal  sub¬ 
stance,  homogeneously  and  deeply 
stained.  2,  differentiating  cell; 
vacuoles  enlarged  by  absorption  of 
water  and  united  in  a  network. 
3,  later  stage;  small  vacuoles 
unite  to  form  a  few  large,  un¬ 
stained,  liquid  vacuoles  containing 
a  dilute  colloidal  solution;  the  dye 
causes  flocculation  of  the  colloids 
as  deeply  stained  precipitates 
showing  Brownian  movement.  4. 
mature  cell;  fusion  of  vacuoles  to 
form  a  single  large  one  with 
deeply  stained  precipitates. 
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technique.  It  has  no  marked  affinity  for  ferric  lake,  but  can  be 
stamed  by  other  processes  (with  cresyl  blue,  haematein  and  other 

dyes),  which  give  the  vacuoles  a  typical  reddish  color  characteristic 
ot  metachromatin. 

It  is  possible,  on  the  other  hand,  to  stain  both  the  chondriome 
and  the  vacuolar  system  at  the  same  time  in  living  material,  by  a 
mixture  of  Janus  green  and  neutral  red,  and  then  it  can  be  observed 
that  the  two  systems  are  always  coexistent  and  have  no  genetical 
relationship  whatever.  There  is,  therefore,  between  the  vacuoles 
which  are  shaped  like  chondriosomes  and  the  chondriosomes  them¬ 
selves,  only  a  similarity  of  form,  which  doubtless  represents  a 
somewhat  closely  related  physical  state  of  these  two  categories  of 
elements.  In  some  low'er  algae,  the  vacuoles  do  not  undergo  hydra¬ 
tion  and  during  the  entire  development  of  the  cells  persist  as 
numerous  semi-fluid  inclusions,  scattered  about  in  the  cytoplasm, 
analogous  to  those  wffiich  characterize  the  embryonic  state  of  cells 
of  higher  plants.  The  vacuoles  of  animal  cells  seem  to  be  of  this 
type.  In  other  algae,  on  the  contrary,  the  vacuoles  are  always 
large  liquid  vacuoles. 

The  vacuoles,  in  all  stages  of  their  development,  almost  always 
contain  colloidal  substances  dispersed  in  their  sap  and  vital  stain¬ 
ing  of  the  vacuoles  is  connected  writh  the  presence  of  these  sub¬ 
stances.  These  substances,  however,  vary  in  nature  according  to 
the  type  of  cell  and  correspond  to  the  products  secreted  by  the  cell. 
There  is  no  substance  characteristic  of  vacuoles  as  there  is  of 
chondriosomes.  Often  there  are  encountered  in  the  same  cell 
twro  categories  of  vacuoles,  always  independent  of  each  other,  made 
distinct  by  their  colloidal  content.  In  other  cases  there  are  en¬ 
countered,  side  by  side  in  a  single  cell,  vacuoles  wTith  colloidal  con¬ 
tents  and  others  seeming  not  to  contain  any  colloidal  substance 
whatever.  These  latter  seem  to  have  no  predilection  for  vital 
dyes,  yet  seem  to  be  derived  from  the  former  by  a  phenomenon  of 
syneresis  or  of  coacervation. 

Although  almost  always  represented  in  plant  cells,  and  capable 
of  fragmenting,  the  vacuoles  seem  to  arise  de  novo.  It  may  be  sup¬ 
posed  that  their  formation  is,  in  general,  connected  with  secretory 
phenomena  of  the  cell.  Each  colloidal  granule  secreted  by  the 
cytoplasm,  possessing  a  capacity  for  taking  in  water  wdiich  is 
greater  than  that  of  the  cytoplasm,  seems  capable  of  engendering 
a  vacuole.  There  are,  as  well,  many  other  inclusions  but  they  aie 
purely  transitory  and  dependent  on  the  physiological  state 
of  the  cell.  These  are  products  arising  from  cellular  metabolism. 

Thus  the  cell  can  be  made  to  fit  into  a  general  plan  which 
applies  to  every  cell,  animal  as  well  as  plant,  with  the  exception  of 
the  Cyanophyceae  and  the  bacteria.  These  facts  bring  out  strik¬ 
ingly  the  extreme  complexity  of  the  morphological  constitution  of 
the  cytoplasm  which  appears  to  us  as  a  colloidal  system  in  which 
the  chondriosomes,  the  plastids  and  the  vacuoles  constitute  so 
many  distinct  phases.  The  cytoplasm  is,  therefore,  a  colloidal 
system  of  a  very  heterogeneous  structure. 
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Unfortunately,  the  very  precise  knowledge  which  we  possess 
at  the  present  time  on  the  constitution  of  the  cytoplasm  consists 
almost  exclusively  of  morphological  facts.  We  still  know  only 
very  little  about  the  role  of  the  different  elements  which  compose 
this  structure.  We  know  that  the  plastids  play  an  important  part 
in  the  phenomena  of  photosynthesis  and  in  amylogenesis  and  that 
the  vacuoles  play  a  part  in  the  osmotic  phenomena  of  the  cell.  Our 
knowledge  ceases  here.  But,  as  Claude  Bernard  says,  “Anatomy 
would  have  no  reason  for  being  if  it  did  not  have  a  physiological 
base." 

It  is,  however,  very  important  to  know  and  to  understand  this 
morphological  structure,  for,  just  as  Wurmser  wrote,  “It  is  cer¬ 
tain  that  a  chemical  system  composed  of  a  number  of  bodies  will 
develop  differently  according  to  whether  these  parts  are  all  mingled 
and  thus  destined  to  act  mutually  or  whether,  on  the  contrary,  they 
are  distributed  as  independent  groups."  Therefore  the  entire  prob¬ 
lem  will  consist,  from  now  on,  in  seeking  the  relationship  between 
morphological  structure  and  the  physiological  activity  of  the  cell. 
The  realization  of  this  problem  must  be  hoped  for  in  the  progress 
of  physical  chemistry.  “From  now  on",  as  Friedl  Weber  says, 
“the  cytologist  must  become  both  physicist  and  chemist".  We  are 
constrained,  however,  to  add  that  the  cytologist  must  at  the  same 
time  remain  a  morphologist. 
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Elodea,  10.  17.  44,  52.  72,  73,  75.  86,  87,  89, 
90.  92.  94.  95.  96.  101,  133.  154,  203,  242 
Endoniyces,  58,  62,  63,  66,  156,  157,  160,  197, 
204,  207 

Equisetum,  225,  235 

Eremothecium,  64,  166,  168,  231,  232,  238 
Eucalyptus,  181 
Euglena,  40,  185 

Ficaria,  101 
Fossombronia,  225 
Fritillaria,  127 
Fucua,  11,  12,  43,  108 
Fuligo,  13,  23.  24.  25.  60.  236 

Gagea,  234 
Galactinia,  64 
Geotrichum,  196 
Gladiolus,  47,  210 
Grimmia,  110 


Helleborus,  83,  238 
Helodea,  228,  234 
Hemitrichia,  60,  236 
Hibiscus,  182,  183 
Hyacinthus.  82,  84,  241 
Hyalotheca,  44,  239 
Hydrophilus,  11 
Hypopitys,  181 


Ilex,  154 

Iris,  14,  17.  22,  49, 
101.  136,  151. 
211,  229 


52,  77,  78. 
152,  153. 


79.  81.  91,  100, 
169,  206,  210, 


Laminaria,  168 
Lathyrus,  183 
Lemanea,  108,  109 
Lemna,  129 
Leptomitus.  59,  62, 
Lilium.  47.  52,  81, 
Limodorum,  111 
Lonicera,  46.  47 
Lunularia,  243 
Lupinus,  104 
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82,  83.  118,  167.  234 


Marchantia,  226 
Maxillaria,  45 
Mertensia,  177 
Mimosa.  178.  181,  235 
Mnium.  224 

Monotropa.  Ill,  164.  181 
Mougeotia.  42,  52 
Musa,  225 


Neottia,  48 
Nephrodium.  241 
Nicotiana,  233 
Nitella,  232 
Notothylas.  235 

Okdoconium,  42 


Oenanthe,  170 
Oenothera,  123 
Oidium,  140,  179 
Orobanche,  111 
Oxalis,  181 


Pellionia,  243 
Pelvetia,  43 

Penicillium,  58.  134,  135,  157,  179 

Phajus,  45,  47,  49.  71.  76,  77.  229 

Philodendron,  205 

Physarum,  60 

Phytomastigoda.  232 

Plasinodiophora,  60,  237 

Pleurastrum,  166 

Pleurococcus,  156 

Polygonatum,  52 

Polypodium,  240 

Polytoma,  115,  118,  242 

Polytomella,  115,  240 

Polytrichum.  91,  200,  231,  243 

Prasiola,  156 

Prunus,  183 

Psalliota,  59,  95 

Pteridium,  105 

Puccinia,  224 

Pustularia,  58,  60,  62,  63.  71,  91,  92 
Pythium,  240 


Rheosporangium,  227 
Rhizopus,  11,  59 
Rhodochorton,  43 
Rhopalodia,  44,  234 
Ricinus,  161,  170,  171,  238 
Rosa,  48 
Rubus,  182,  183 


oallhakumyces,  o8,  130,  134,  140, 

178.  130.  196,  232 
Saccharomycodes.  62,  136,  165 
Saccorhiza,  54,  55 
Salvinia,  107,  226 

Saprolegnia,  17.  34.  59,  62,  63.  64.  67.  97,  98. 
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445«  155.  163,  173,  176,  180,  195, 

196,  204,  226.  231.  232,  233.  237 

Selaginella,  106,  107,  112,  218 
Spermophthora,  206,  207 
Sphaeroplea,  238 

Spirogyra.  iO.  13,  17.  38,  41,  43,  44.  52.  53. 

86,  129,  167,  169,  226,  236,  242 
faporobolomyces,  59,  64 
Sternbergia,  79 
Strix,  191 
Symphytum,  177 

Tradescantia,  10.  76.  126.  188 
Iribonema,  197 
Tropaeolum,  183 

Ulothrix,  42,  156,  159 
Ulva,  159 
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Vampyrella,  14,  63 
Vanilla,  202 

Ve7boh„":0i6|,1’  12'  52'  “•  ■«.  185 

Vicia.  198,  199.  201,  241 

Wisteria,  182 


7.EA.  131.  238.  243 
Zygnema,  42,  44,  52.  226 
^•ygosaccharomyces.  134 
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